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EXECUTIVE SUMMARY

This report was written to satisfy Hanford Federal Facility Agreement and Consent Order
(HFFACO) (Ecology et al. 1989) Milestones M-45-05H and M-45-05M-TOI. This report
summarizes the results of the post-retrieval assessment of impacts to human health and the
environment for single-shell tank 241-C-106 and includes the characterization data and Waste
Management Area C post-retrieval risk assessment results for the residual waste. This report
also presents comparative evaluations of waste retrieval technologies that are currently available
(i.e., do not require further research and development prior to deployment), and describes and
compares retrieval technologies requiring research and development that have potential for
future deployment at the Hanford Site tank farms. This report completes the retrieval data
report, which includes the Stage I summary (RPP-201 10) of the retrieval campaign and residual
waste volume determination for single-shell tank 241-C-106.

The pre-retrieval risk assessment applied the selected phase removal methodology for calculating
residual inventory, while the post-retrieval risk assessment inventory was based on a
post-retrieval sample collected in January 2004. A pre-retrieval risk assessment documented in
Single-Shell Tank System Closure Plan (RPP-13774 Attachment C-1) calculated the risk of all
Waste Management Area C single-shell tank residuals using selected phase removal for
calculating residual inventory. The selected phase removal methodology uses the existing
(December 2002) best-basis inventory by applying a simple volume ratio adjustment for different
phases. The selected phase removal method for calculating residual waste inventory involves
making assumptions about which waste phases will remain in the tank following waste retrieval.
In this assessment, all liquid phases are considered removed leaving only the inventory
associated with the remaining solids.

The post-retrieval risk assessment applied the same methodology documented in RPP-1 3774,
Attachment C-I. For the January 2004 sample, 165 contaminants were evaluated and screened
as contaminants of potential concern (Section 3.2.6). Of the 165 contaminants, 42 were used in
the risk assessment of which 25 were radionuclides and 17 were nonradionuclides. The
incremental lifetime cancer risk (radiological), hazard index, and radiological drinking water
dose for the industrial and residential receptors were estimated using peak modeled groundwater
concentrations at the Waste Management Area C fenceline from the residual tank waste and are
presented in Table ES-1.

For the pre-retrieval risk assessment, the incremental lifetime cancer risk (radiological) for the
industrial receptor was estimated as 7.8 x 108 for single-shell tank 241-C-106, while the
incremental lifetime cancer risk (radiological) for all single-shell tank residuals in Waste
Management Area C was 1.0 x 10-. Consequently, the pre-retrieval risk for the residual in
single-shell tank 241-C-1 06 is approximately 7.7% or 1/12 of the total cumulative risk for all
residuals in the Waste Management Area. For the post-retrieval risk assessment, the selected
phase removal inventory was replaced with the inventory calculated from the post-retrieval
sample using the nominal volume for the residual waste (370 cubic feet). Replacing the selected
phase removal inventory with the post-retrieval sample inventory reduces the risk posed by
single-shell tank 241-C-1 06 from 7.7% to approximately 2.0%.

ES-1
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Table ES-I. Cumulative Incremental Lifetime Cancer Risk, Hazard Index, and Radiological
Drinking Water Dose from Peak Groundwater Concentration Related

to Residual Waste Volume in Single-Shell Tank 241-C-106.
Industrial receptor Year of

Metric Post-retrieval sample Performance
Inventory objectivel peak

Industrial receptor radioactive chemicals ILCR 2.0E-08 1.0E4 to 1.0E-6' 5609
Industrial receptor nonradioactive chemicals 8.9E-10 1.0E-52 5614
ILCR
Hazard index (unitless) IAE-04 1.02 5614
Radiological dose via drinking water 512E-04 (mremyr) 4 mrem/yr2  5606
(mrem/yr EDE) _____ 4____6

All-pathways dose 2.5E-03 (mrem/yr) 15 mrem/yr'or
I _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ __ _ __ _1_ 25 rn /yr3  

_ _ _

Notes:
'EPA/540/R-99/006 Radiation Risk Assessment at CERCLA Sites: Q & A Directive 9200.4-3 1 P.
2RPP-14283, 2004, Performance Objectivesfor Tank Farm Closure Risk Assessments, Rev. I CH2M HILL Hanford

Group, Inc., Richland, Washington..
'DOE Order 435.1, 1997, Radioactive Waste Management, U.S. Department of Energy, Washington, D.C.
ILCR - incremental lifetime cancer risk.
EDE - effective dose equivalent.

The three major conclusions from the risk assessment arc: (1) risk values presented in this
analysis and those contained in RPP-13774 (Attachment C-1) for the entire Waste Management
Area are almost the same, (2) the risks estimated for single-shell tank 241-C-106 are a factor of
4 smaller in this analysis than those in RPP-13774 due to the differences between pre-rctrieval
best-basis inventory and post-retrieval (actual sample) inventory, and (3) of the 42 contaminants
of potential concern, technetium-99 and chromium are the primary contaminants that contribute
to risk (greater than 99% and 95%, respectively). Based on the current residual inventory,
groundwater quality standards would not be exceeded. The conclusions in RPP-13774 are
unchanged by the present analysis using residual single-shell tank 241-C-106 waste samples.

This report evaluates available waste retrieval technologies using a three-step process:
(1) identify retrieval function requirements, (2) identify retrieval technologies, and (3) identify
alternatives that could be deployed in single-shell tank 241-C-106 without further research and
development, and compare the relative effectiveness of the available technologies and
alternatives against performance objectives. A comparison of the available technologies
indicated that no additional retrieval was the preferred alternative.

Waste retrieval technologies that currently are not available for deployment in the Hanford Site
tank farms are also presented. The technologies discussed are in various stages of development,
some require substantial investment in research and development costs, while others have been
deployed elsewhere and would need to be adapted for deployment at the Hanford Site. The
technologies discussed in this summary currently are not planned for deployment in support of
tank waste retrieval. If one of the technologies was identified for potential use in support of
waste retrieval at single-shell tank 241-C-106 or any other tank, the schedule for the initial
deployment would range from 3 to 5 years depending on the maturity of the technology.

ES-2
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INVENTORY CALCULATION DEFINITIONS

SPR: Selected Phase Removal methodology for calculating the residual inventory in
the pre-retrieval risk assessment. This methodology uses the existing
(December 2002) best-basis inventory using a simple volume ratio and adjusts for
different phases. For example, if the tank had 750 ft 3 of solid material and 250 ft3

of liquid, and 7.5 kg of a constituent in solid and I kg in liquid, then the selected
phase removal method would call for all liquids to be completely removed leaving
only the inventory associated with the solids remaining. The final residual
inventory would be:

(360 113/750 ft) * 7.5 kg = 3.6 kg.

SVR: Simple Volume Ratio methodology for calculating the residual inventory. This
methodology uses the existing (December 2002) best-basis inventory and uses a
simple volume ratio with no adjustments for different phases. For example, if the
tank had 750 ft3 of solid material and 250 ft3 of liquid, and 7.5 kg of a constituent
in solid and I kg in liquid, then the simple volume ratio to calculate the residual
inventory would be:

(360 fW/1,000 ft) * 7.5 kg + (360 f1'/1,000 ft) * I kg = 3.06 kg.

Nominal: Nominal Inventory methodology was used in the post-retrieval risk assessment
and is based on the post-rctrieval sample. The nominal inventory for each waste
constituent was calculated based on mean concentrations, nominal volume, and
mean density (for solids inventory). It is described fully in Best-Basis Inventory
Process Requirements (RPP-7625).

UCL-Vol: Inventory Based on the 95% Upper Confidence Level for Volume using the
post-retrieval sample. The inventory of each waste constituent was estimated
using the mean concentration, mean density (for solids), and the 95% upper
confidence level for volumes. The post-retrieval risk assessment provides
sensitivity to this.

UCL-Over: Overall 95% Upper Confidence Level for Inventory using the post-retrieval
sample. The overall 95% upper confidence level for inventory of each constituent
was calculated based on Statistical Methods for Estimating the Uncertainty in the
Best-Basis Inventories (RPP-6924). The post-retrieval risk assessment provides
sensitivity to this estimate.

ILCR: Incremental Lifetime Cancer Risk is a risk incidence that represents the
increased probability of an individual developing cancer over a lifetime (70 years)
from exposure to potential carcinogens (both radiological and chemical).

viii
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1.0 INTRODUCTION

This report provides the results of the post-retrieval assessment of impacts to human health and
the environment for single-shell tank (SST) 241-C-106 (SST C-106) and includes the
characterization data and Waste Management Area (WMA) C post-retrieval risk assessment
results for the residual waste. This report completes the retrieval data report, which includes the
Stage I Retrieval Data Report for Single-Shell Tank 241-C-106 (RPP-20 110) summary of the
retrieval campaign and residual waste volume determination for SST C-106 and satisfies
Hanford Federal Facility Agreement and Consent Order (HFFACO) (Ecology ct al. 1989)
Milestones M-45-05H and M-45-05M-T01. RPP-201 10 described the retrieval campaign
performance and post-retrieval waste volume determination including residual waste volume
error calculations. The report further described the performance of both the modified sluicing
and the acid dissolution technology used to retrieve the waste remaining, and included data to
support completion of retrieval operations. At completion of retrieval operations in December
2003, 2,770 gal or 370 ft3 remained in the tank which included approximately I ft3 of liquid
waste and 359 f 3 of solid waste.

The methodology for calculating the final residual inventory of radionuclides and
nonradionuclides is presented in inventory characterization (Section 2.0) and the residual waste
inventory estimates for the SST C-106 component closure action risk assessment (Appendix A).
The post-retrieval SST C-106 risk assessment (Section 3.0) summarizes the expected impacts to
human health and the environment due to radioactive and nonradioactive chemicals remaining
following completion of retrieval in late December 2003. Documentation of completion of
retrieval with current technologies to the extent possible is provided in Section 1.1. The
documentation assesses the capability to deploy other waste retrieval technologies (both those in
development for deployment at the Hanford Site and technologies under development
elsewhere).

1.1 COMPLETION OF WASTE RETRIEVAL
USING EXISTING TECHNOLOGIES TO THE
LIMIT OF TECHNOLOGY

Two retrieval technologies have been deployed to retrieve waste from SST C-106. The first
technology was sluicing, which began in November 1998 and reached the limit of its capability
in October 1999. The second technology was the modified sluicing with acid dissolution
demonstration under the hanford Federal Facility Agreement and Consent Order (HFFACO)
(Ecology et al., 1989), which was deployed in April 2003 and completed in December 2003.
Based on the declining performance data of these two technologies, it was determined that these
methods would not retrieve the additional waste required to meet the HFFACO criteria of less
than 360 ft3. The basis for this statement is provided in this report.

1-1
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1.1.1 Sluicing System Retrieval Campaign, 1998-1999

SST C-106 is a 530,000-gal tank that was used to store mixed radioactive waste since 1947. To
address a high-heat safety issue, a waste retrieval effort using a sluicing system was initiated in
SST C-06 in November 1998 and completed in October 1999 (HNF-5267, Waste Retrieval
Sluicing System Campaign Number 3 Solids Volume Transferred Calculation). Sluicing
operations were conducted using double-shell tank (DST) AY-102 supernatant as a sluicing
medium.

The initial wash volume in September 1998 was approximately 230,000 gal of which
approximately 197,000 gal was sludge (IINF-EP-0182, Waste Tank Summary Reportfor Month
Ending September 30, 1998).

The sluicing effort successfully resolved the SST C-106 high-heat safety issue. The campaign
also met the following waste retrieval requirements:

. Retrieve at least 95% (approximately 187,000 gal) of the estimated total sludge of 1.8 m
(6 f1) from SST C-106

. Retrieve waste from SST C-106 until the rate of sludge removal is less than 7,500 gal
(approximately 7.6 cm [3 in.]) per 12-hour sluice batch and evidence of diminishing
retrieval effectiveness is documented for three consecutive batches.

These requirements defined the limit of sluicing retrieval capability for SST C-106. In
December 1999, the Washington State Department of Ecology (Ecology) provided the
U.S. Department of Energy (DOE) written notification that the waste retrieval criteria
requirements had been met for this retrieval campaign (Fitzsimmons 1999, "Completion of
Hanford Federal Facility Agreement and Consent Order Interim Milestone M-45-03B").

In July 2000, approximately 44,892 gal (6,001 f2) of solid and liquid waste remained
(RPP-12547, Tank 241-C-106 Residual Liquids and Solids Volume Calculation). In
August 2002, the volume of waste in SST C-106 was measured. The estimate of solids
remaining in the tank was 9,056 gal (1,211 ft), the same as was previously calculated, however,
the volume of liquid decreased by approximately 10,000 gal. The August 2002 estimate of waste
volume in SST C-106 was 35,986 gal (4,811 ft). The liquid reduction was attributed to
evaporation.

1.1.2 Modified Sluicing and Acid Dissolution Retrieval
Campaign -2003

To remove the remaining waste in SST C-106, acid dissolution was used to dissolve solids.
Oxalic acid, which has been used at the Hanford Site and other DOE sites to decontaminate tanks
and equipment, was used to dissolve solids and reduce the waste into smaller particle sizes to
enable waste transfer. Modified sluicing describes various performance enhancements over the
"past-practice" sluicing techniques that were used to remove the bulk of SST C-106 waste.
These enhancements included combinations of pump and nozzle designs to break up the solids
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and move them to the pump intake. The combination of the acid dissolution and the mechanical
break up of waste by a nozzle stream was designed to maximize removal of residual waste
during the present retrieval campaign.

The effectiveness of oxalic acid to remove contamination on waste processing equipment at the
DOE Savannah River Site facilities is documented in Waste Tank Heel Chemical Cleaning
Summary (WSRC-TR-2003-00401). Laboratory-scale testing of acid dissolution of SST C-106
waste demonstrated that nearly 70% of the waste solids dissolved in oxalic acid (RPP-17158,
Laboratory Testing of Oxalic Acid Dissolution of Tank 241-C-106 Sludge).

Several methods of operation were used for the retrieval operation of SST C-106:

" Oxalic acid was added in discrete and accurately measured batches through the
mixer-eductor or the pump drop-leg

. Acid was recirculated with the mixer-eductor (for the first four batches of oxalic acid),
the acid was removed using the retrieval pump

. Water was continuously added (between 85 and 350 gpm) through one of the two sluicers
to mobilize and redistribute, as well as to remove solids, with subsequent or concurrent
removal by the retrieval pump.

The oxalic acid dissolution process leached additional waste constituents directly from the sludge
and reacted with carbonates in the waste to increase solid waste porosity. The loss of carbonates
and the agitation of the waste using the mixer-eductor increased the surface area of solids and
therefore the amount of surface sites available for leaching waste constituents during subsequent
sluicing and acid dissolution events. The acid dissolution reaction for each acid batch reached
steady state after an average of 7 days based on in-tank monitoring indicating that all the
available acid reacted completely with the waste. At the completion of the acid reaction, the
dissolved wastes were transferred via a pump to DST AN-106.

The modified sluicing technology used a hydraulic process that deployed an articulated
high-pressure water head that moved the slurry to the retrieval pump intake. In this campaign,
sluicing was initiated after the third acid batch and used after each subsequent oxalic acid batch
to remove additional waste. The equipment configuration of the single sluicing nozzle reached
the limit of operational effectiveness to retrieve solid waste after the fourth acid dissolution cycle
and second sluicing retrieval. The single sluicer nozzle, which was located in riser 3, was no
longer effective in moving solids from the far side of the tank to the pump in the middle of the
tank. Additionally, sluicing created piles of solids against the tank walls in the location of the
tank circumference farthest from the sluicer toward the opposite wall. The motive force of the
sluicer nozzle at this configuration was not able to move the remaining waste to the pump intake.

In response to the diminished performance of the single sluicer head, the mixer-eductor was
removed and replaced with a second sluicer nozzle. The second nozzle was installed in riser 7
and was used to breakup the remaining waste piles and move the waste to the pump intake.
Following this, oxalic acid was added for a sixth time to dissolve the remaining waste.
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The residual waste volume represents the quantity remaining after sluicing following the sixth
oxalic acid addition and fourth sluicing operation.

Recirculation of the oxalic acid batches to enhance the acid and waste reaction was no longer
possible after removing the mixer-eductor following the fifth acid batch. However, good contact
between the waste and acid was realized without recirculation because most of the waste had
been leveled into a thin layer, allowing the majority of the waste to be submerged in acid.

Table 1-1 contains the material balance of the sluicing operations and indicates the approximate
volume of waste that was transferred with each batch. Waste retrieval technology efficiency,
based on percent solids in the slurry, was calculated to document the performance of the
technology. An observed declining trend of waste removed for each subsequent sluicing
operation ranged from 8% for the first operation to 0.3% for the final operation.

Table 1-1. Material Balance Estimates for Sluice Water Additions to
Single-Shell Tank 241-C-106.

Sluice Volume of water Volume transferred to Volume Retrieval efficiency
operation added DST AN-I 06 Increase Restimated volume %

(gal) (gal) (gal)

1 56,160 61,033 4,873 8
2 46,472 48,079 1,607 3.3
3 59,228 60,085 857 1.4

4 83,501 - 83,718 217 0.3
Note:

DST - double-shell lank.

Three performance measures were used to determine that modified sluicing and acid dissolution
had reached the limit of technology (RPP-19919, Campaign Reportfor the Retrieval of Waste
lieelfrom Tank 241-C-106). The performance measures are as follows:

1. Acid Dissolution - The acid dissolution process was used to dissolve and breakdown the
sludge and the solid waste prior to sluicing. The result included increased solution
density and a smaller waste particle size which allowed increased waste removal once
sluicing commenced. The smaller particle size enabled more waste to be entrained
during sluicing and subsequently pumped out of the tank. The estimated 18,000 gal of
waste left in the tank prior to retrieval was equivalent to a layer that averaged about
6.5 in. across the bottom of the 75-ft diameter tank. After oxalic acid was added, the
waste was soaked to allow the waste digestion process to complete (acid reaction
stabilized) and the acid pool was agitated by the mixer-eductor to facilitate the acid-waste
reaction. At the completion of the soak period, the retrieval pump was used to remove
the solution including entrained waste from the tank.

The acid dissolution reacted as predicted in the process control plan and the data was
recorded for each batch until steady-state p-I readings were attained. Oxalic acid was
added in six separate batches during the retrieval and the dissolution performance ended
in diminished returns for the last two acid batches. In the final batch, the pH of the
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solution showed a gradual increase during the first 6 days indicating that the acid had
reacted with the waste and no increase occurred (steady state) during the rest of the
contact period. The average pH over the last 4 days was approximately 0.79, but never
reached the expected acid depletion endpoint (a p1 of about 1.5), indicating that the
exposed waste was fully reacted. This was an indication that all the waste available to
dissolve had reacted, that waste remained unreacted, and that the limits of this technology
to further dissolve and entrain waste had been reached. The result of waste forms not
dissolving in the acid are consistent with the laboratory testing, which documented that
up to 30% of the solids would not dissolve in oxalic acid (RPP-17158).

2. Waste Entrainment - The waste solids remaining were resistant to further breakdown by
acid dissolution or by mechanical breakup by the sluicing stream. This was documented
by the diminished mass transfer of solids in the waste slurry pumped from the tank.
Therefore, the remaining solids would not likely be entrained in the waste slurry at a rate
equal to or higher than the efficiencies documented in the last sluicing batches.

3. Sluicing Nozzle Efficiency - The waste that could be mobilized to the pump intake had
been moved to within the influence of the pump and retrieved as shown in the
post-retrieval video. The performance criteria of the sluicing nozzle included breaking
up the solid waste and moving the waste to the pump intake. In this retrieval, when the
acid dissolution performance began to diminish, the single sluicing nozzle became
ineffective in moving the remaining solid waste to the pump inlet. The mixer-eductor
was removed and replaced by a second nozzle which allowed the remaining piles of
waste to be moved toward the pump inlet or spread out to facilitate additional exposure of
waste surfaces to acid. During the last sluicing, the two nozzles were not able to
appreciably move additional waste to the pump inlet as indicated by the diminishing
amount of entrained waste recorded.

The continued viability of the modified sluicing with acid dissolution technologies to remove
waste from SST C-106 was assessed by extrapolation of the performance data provided in
RPP-20110. For the purpose of the extrapolation, a 60,000-gal sluicing batch was assumed
(Figure 1-1).

The extrapolation method uses an estimated exponential function to describe the continued
decrease in waste removal efficiency. The trendline capability of Microsoft Excel' was used to
estimate a function to describe the changing behavior of the waste retrieval efficiency.
Logarithmic, power functions, and exponential line fits were evaluated. The exponential
estimation provided the best fit (R2 = 0.98) for the waste retrieval efficiency data presented in
Table 1-1. This method estimated a 'worst case' scenario for waste removal based on continued
use of modified sluicing with acid dissolution. Using the 'worst case' approach, an additional
335 gal (44.8 ft ) of waste could be removed from SST C-106. Therefore, this model suggests

Excel is a registered trademark or Microsoft Corporation, Redmond, Washington.
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that regardless of the number of additional modified sluicing and acid dissolution operations
undertaken, the waste retrieval goal of less than 360 f 3 would not be reached.

Figure 1-1. Estimated Waste Removal Efficiency for Modified Sluicing with Acid Dissolution.

C-106 Waste Removal Efficiency Evaluation

10
* Observed Effcency from Table 1.1

9 - Expon. (Observed Efficiency kom Table 1.1)

0 a Excel Fit Curve Estimate
y - 26.5330'""

R'- 0.9774
7

j 6-

3

2

0
0 1 2 3 4 5 S 7 8 9 10

Sluicing Operation Number

The actual waste volume reduction and efficiency per sluicing operation realized by continued
sluicing would likely be greater than predicted by this estimate, but would require additional
water with additional evaporation.

1.1.3 Conclusions

The limits of technology for retrieving waste from SST C-1 06 have been reached for deployment
of the following:

" Sluicing (1998-1999) as concurred with by Ecology in Fitzsimmons (1999)

* Modified sluicing with acid dissolution (2003) based on the technology performance data
summarized above and documented in RPP-1 9919.

The nominal residual waste volume in SST C-1 06 at the limit of the retrieval technology was
calculated to be approximately 370 ft3 . However, at the limit of technology performance for
modified sluicing and acid dissolution, approximately 467 f 3 (3,497 gal) on the 95% upper
confidence level (UCL) remained in SST C-106.
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1.2 RESIDUAL WASTE CHARACTERISTICS

The SST C-106 post-retrieval risk assessment screened analytes from the post-retrieval sample
analysis for contaminants of potential concern (COPC). The screening identified 42 constituents
(25 radionuclides and 17 nonradionuclides) as COPCs for evaluation in the risk assessment,
including detected and nondetected constituents. The COPC inventory is presented in
Section 2.0 and Appendix A using analytical results from pre-retrieval and post-retrieval samples
and includes the COPC identification process.

1.2.1 Initial State

The initial state conditions are based on grab samples taken from riser 7 in SST C-106 on
April 22,2003 (RPP-19604, Analytical Results for Tank 241-C-106 Solid Finger Trap Samples
Supporting Pre-Retrieval Closure). The pre-retrieval inventory of the radionuclide and
nonradionuclide contaminants was calculated based on the analyte concentrations in residual
solids. The inventory contribution from the residual liquids volume was ignored because the
majority of the liquids were transferred during the modified sluicing campaign.

1.2.2 Current Conditions

Following retrieval, a sample of the residual waste was taken. The sample was used to calculate
the inventory of nonradionuclides (i.e., hazardous contaminants) and radionuclides. The
retrieval sample was analyzed for volatile organic compounds (VOC), semivolatile organic
compounds (SVOC), polychlorinated biphenyls (PCB), and inorganics (including metals and
conventional parameters) using U.S. Environmental Protection Agency (EPA)-approved
methods. The sample analysis was performed in accordance with the analytical strategy
specified in Tank 241-C-106 Component Closure Action Data Quality Objectives (RPP-13889).
The results of the analysis are included in Section 2.0.

Post-retrieval waste volume determinations were conducted following completion of the final
retrieval campaign. Using the validated video camera/computer-aided design (CAD) Modeling
System methodology provided in Results ofthe Video Camera/CAD Modeling System Test
(RPP-1 8744), the volume of waste remaining was determined to be 370 ft -18% uncertainty at
the 80% confidence interval and t 26% uncertainty at the 95% confidence interval (RPP-19866,
Calculation for the Post-Retrieval Waste Volume Determinationfor Tank 241-C-106). The'
progress of the retrieval campaigns culminating in the 370 ft3 end state volume is presented in
Figure 1-2.

The post-retrieval waste volume determination presented in Table 1-2 includes the contribution
to the residual waste volume from waste in the tank bottom (liquids and solids), in abandoned
in-tank equipment, and on the tank stiffener rings in accordance with the approved data quality
objectives (DQO) (RPP-13889).
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Figure 1-2. Single-Shell Tank 241-C-106 Waste Volume Reductions.
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Table 1-2. Single-Shell Tank 241-C-106 Waste Volumes Following Completion of
Modified Sluicing and Acid Dissolution.

Waste location

Bottom of tank

iquipment in tank

Stiffener rings

Liquid waste

Total

Nominal waste
uncertaintv
Note:

Waste volume
(ft )

336.89

4.84

17.30

11,30

Estimated uncertainty

(1%)

27%

0%

18%
27%

i i -i

370.33

370.33± uncertainty

26%

27%

25%

0%

27%

26%

" 370 ft is the nominal waste volume remaining after ternination of retrieval operations

As documented in RPP-201 10, Section 2.4, no leakage occurred during retrieval operations. The
waste immersion technique was used to provide a final estimate of the waste remaining in
SST C- 106 at the completion of the last campaign and to provide measurable evidence that
leakage did not occur. At the termination of retrieval operations, a total of 42,000 gal of water
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was added to immerse all the waste in the tank for a final estimate of residual waste volume. The
volume of liquid added was equivalent to the highest liquid level that occurred during retrieval
operations and provided an equivalent location and liquid pressure profile to all tank surfaces
exposed to liquid during the retrieval campaign. After adding 42,000 gal of liquid to SST C-106,
the liquid addition level did not change during the 5 days from January 15, 2004 to January 20,
2004, which is recorded in the Tank Monitoring and Control System operational logs (see
Figure 1-3). This was an indication that no leakage occurred during retrieval operations and thus
waste volumes released due to leaks were considered to be zero.

Figure 1-3. Single-Shell Tank 241-C-106 Liquid Addition and Measurement Level.

"O1W1' Structure C106
ha 1yw ood trmaued

24
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C
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DATE ENRAFTMACS
(tank liquid level In Inches)

1/14/2004 4:02 12.56
1/15/2004 4:02 12.57
1/16/2004 4:02 23.74
1117/2004 4:02 23.74
1/18/2004 4:02 23.73
1/19/2004 4:02 23.73
1/20/2004 4:02 23.73
1/21/2004 4:02 12.53
Notes:
No change In tank liquid level over 5-day period.
TMACS = Tank Monitoring and Control System.
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2.0 CHARACTERIZATION

The inventory used for the pre-retrieval risk assessment (RPP-1 3774, Single-Shell Tank System
Closure Plan) was calculated from the best-basis inventory (BBI) using the selected phase
removal (SPR) calculation methodology for tank residuals used in the Environmental Impact
Statement for Retrieval, Treatment, and Disposal of Tank Waste and Closure of Single-Shell
Tanks at the Hanford Site, Richland, Washington: Inventory and Source Term Data Package,
(DOE/ORP-2003-02).

The methodology for calculating the final residual inventory of nonradionuclides and
radionuclides left in SST C-106 is described below and in detail in Appendix A, and provides the
inventory data and analytical results as input to the risk assessment presented in Section 3.0.
Inventories for chemicals and radionuclides were generated for constituents identified in the
DQOs and did not include short-lived daughter products. The waste samples were acquired from
the SST C-106 liquid grab samples and solid samples obtained from riser 14 on January 26,
2004, and January 29, 2004, respectively. The samples were analyzed in accordance with
RPP-13889. Although short-lived daughter products ("Y-90, '"mBa) account for approximately
half the total curies resident in SST C-106, they are immobile and decay to benign products
before contributing to risk. Therefore, they were not carried forward into the risk assessment.

Table 2-1 lists the analytes, including daughter products, which combine to total 99.9% of the
total tank curies. SST C-106 contained approximately 10.1 million curies prior to the 1998-1999
retrieval campaign. The 1998-1999 retrieval campaign removed approximately 8.2 million
curies, leaving approximately 1.77 million curies in the residual waste. The 2003 retrieval
campaign removed the bulk of the remaining curies resulting in a total current inventory of
approximately 135,000 curies or about 1% of the 1998 inventory. However, it is of interest to
note the total curie reduction over the last two retrievals.

Table 2-1. Estimate of Single-Shell Tank 241-C-106 Inventory of Total Curies Before and
After the 1998-1999 and the 2003 Waste Retrieval Campaigns.

Pre-1998-1999 Post-1998-1999 Post-2003
retrieval retrieval Total removal retrieval Total removal

Analyte campaign total campaign total 1998-1999 campaign total 1998-12/2003
tank Inventory tank inventory campaign tank inventory campaign

(CI) (Ci) (Ci)

9Sr 4.771+06 8.46E+05 3.9E+06 6.61E+04 4.7E+06
9Y 4.77E+06 8.46E+05 3.92+06 6.61E+04 4.7E+06
1"Cs 2.67E+05 3.79E+04 2.3E+05 IASE+03 2.66E+5
"3 mBa 2.53E+05 3.59E+04 2.17E+05 1.37E+03 2.52E+5
Total curies' 1.0 1E+07 1.77E+06 8.332+06 1.35E+05 9.97E+6

Note:
aCuries contributing to greater than 99% of total inventory.

To determine the SST C-106 inventory, the BBI process was applied to the SST C-106
post-retrieval sample analytical results (RPP-20226, Analytical Resultsfor Liquid Grab
Sampling and Analysis Planfor Tank 241-C-106 Component Closure Action, and RPP-20264,
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Analytical Results for Tank 241-C-106 Solid Clam Shell Samples Supporting Closure Action) to
estimate the residual waste inventory. The nominal inventory for each waste constituent was
calculated based on mean concentrations, nominal volume, and mean density (for solids
inventory).

The evaluation of the data, using the BBI procedure, involves a data review cycle and calculation
of the mean analytical results prior to the inventory calculation. The data was reviewed
following the internal procedure "Review and Resolution of TWINS Data" (TFC-ENG-CHEM-
D-32). The BBL process is described in Best-Basis Inventory Process Requirements (RPP-7625).

A nested analysis of variance (ANOVA) model was fit to the laboratory sample data following
the data review. Mean analyte concentrations were estimated using results from ANOVA. Two
variance components were estimated and used in the computations. The variance components
represent concentration differences between laboratory samples and between analytical
replicates.

The model is:

Yij = P+ L + Aij,

where:

Yi = concentration from the j'h analytical result from the i'h riser
p = the mean
L, = the effect of the i'h laboratory sample
Aij= the analytical error
a = the number of laboratory samples
ni = the number of analytical results from the ith laboratory sample.

The variable Li is a random effect, this variable and A, are assumed to be uncorrelated and
normally distributed with means zero and variances o2 (L), and a2(A), respectively.

The restricted maximum likelihood method was used to estimate the mean concentration and
standard deviation of the mean for all analytes that had 50% or more of their reported values
greater than the detection limit.

Some analytes had results that were below the detection limit, in these cases, the value of the
detection limit was used for nondetected results. For analytes with a majority of results below
the detection limit, a simple average is reported.

The inventory calculation, effective as of March 25, 2004, was performed and is documented in
the following text. The following information was used in this evaluation:

SST C-106 sludge concentration means based on laboratory analysis of sludge samples
taken on January 29, 2004. The data are reported in RPP-20264.
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. SST C-106 liquid concentration means based on laboratory analysis of liquid grab
samples taken on January 26, 2004. The data arc reported in RPP-20226.

Table 2-2 presents the data selected to derive the inventory for SST C-I 06.

Table 2-2. Single-Shell Tank 241-C-106 Inventory Source Data.

Waste phase Applicable concentration data Associated density (g/mL) voluam

Supernatant 2004 post-retrieval liquid grab sample Not needed for inventory 11.3 ft'
analytical results calculations

Sludgel 2004 post-retrieval clam shell sample solids 1.56 359 W

analytical results

The supernatant and sludge volume estimates are provided in RPP-19866.

Analytical data from the 2004 clamshell tank solids samples were used to estimate the sludge
composition. Analytical data from the 2004 liquid grab samples were used to estimate the
supernatant composition. The sample-based inventories were developed in accordance with the
BBI creation rules documented in RPP-7625, with the following exceptions:

. The plutonium and curium isotopes were calculated from the 239 240Pu, 24 Am, and24 It24Cm analytical results, using process knowledge of the isotopic distributions ratios of
SST C-106.

" Thorium-228 was not analyzed because the laboratory did not have the appropriate
analytical method. Inventory of this radionuclide was estimated from radioactive decay
of 23'Th and 232U. Based on the decay chain and radioactive half-lives of the daughter
products, 228Th activities due to 2 2Th and 212U decay are approximately equal to the
activities of these radionuclides. Thorium-232 was analyzed; 232U activity was estimated
from isotopic distribution of total uranium concentration.

Appendix A, presents the detailed calculations and sample-based inventories for the nominal
volume remaining in SST C-106. Appendix E provides inventory projections for varying
volumes of radionuclides and nonradionuclides as a function of volume.
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3.0 POST-RETRIEVAL SINGLE-SHIELL TANK 241-C-106 RISK
ASSESSMENT

This risk assessment examines the risk due to the radioactive and nonradioactive chemicals left
in SST C-106 following the completion of retrieval in late December 2003. All analytes listed in
RPP-20226 and RPP-20264 were evaluated. The samples were analyzed in accordance with the
requirements of RPP-13889. Following the evaluation and screening of COPCs, the risk posed
by the COPCs is calculated using the same methodology documented in RPP-13774,
Attachment C-1. The risk calculated from the post-retrieval sample is then compared against the
risk calculated prior to retrieval (RPP-13774).

3.1 RESIDUAL TANK WASTE INVENTORY

Following retrieval, a sample of the residual waste from SST C-106 was taken. The analytical
results of the sample were used to calculate the inventory of both nonradionuclides and
radionuclides left in SST C-106. Section 2.0 and Appendix A provide the methodology for the
calculating the final residual inventory used to perform this risk assessment. The inventory used
for the pre-retrieval risk assessment (RPP-13774) was calculated from the BBI using the SPR
calculation for tank residuals given in DOE/ORP-2003-02.

The following bullets provide a brief description of how each of the residual inventories were
calculated. A complete description of the pre-retrieval inventory is given in DOEORP-2003-02.
Appendix A contains the complete description of the post-retrieval inventory.

. Post-Retrieval Sample Residual Inventory: This method is based on actual sample
results and uses the BBI process to determine mean analytical results (Section 2.0). The
inventory was then determined using the calculated mean analytical results and the
nominal residual volumes (359 f 3 of solids and 11.3 ft3 of liquids). This inventory
includes all analytes listed in RPP-20226 and RPP-20264. The BB process is described
in RPP-7625.

. SPR Residual Inventory: This method is based on modeling. It is calculated by
multiplying the existing total tank inventory (from BBI) by a ratio of the final tank
volume to the current tank volume. The final inventory was then modified to take into
account removal of selected phases of waste (sludge, supernatant, etc.) during retrieval
(DOE/ORP-2003-02). Only analytes listed in the BBI were included in this inventory
calculation. The assumed volume of the tank residuals is 360 ft.

Appendix A gives the residual inventory in SST C-106 for all contaminants analyzed based on
the post-retrieval sample collected in January 2004, while Appendix B, Table B-I provides a
listing of the median inventory used in this risk assessment.

Table 3-1 presents the results of the comparison between the two different methods (SPR and
post-retrieval sample) for calculating residual inventory for detected values. The residual
inventory based on SPR was used in the pre-retrieval WMA C risk assessment presented in
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RPP-13774, Attachment C-1. The last column of Table 3-1 provides the ratio obtained by
dividing the post-retrieval sample residual inventory by the SPR residual inventory. For the
most part, there is agreement between the residual inventory calculated from the SPR method
and the inventory calculated from the post-retrieval samples. Based on the geometric average of
the ratios of the two inventories, the new laboratory-based estimate of inventories is only 48% of
the previous SPR inventory with the ratio of the inventories being within a factor of 3 for 85% of
the contaminants in Table 3-1. For the inventory calculated from the post-retrieval sample, all
but four analytes were less than the inventory predicted by the SPR. The four analytes that were
reported with more inventory than that predicted by the SPR method are 23 U, calcium,
manganese, and zirconium.

Table 3-1. Comparison Between Post-Retrieval Sample Inventory and Selected
for Detected Analytes. (2 sheets)

Phase Removal

Class Primary/ Constituent Post-retrieval sample SPR Units Ratio retrieval
secondary Inventory Inventory sample/SPR

Radionuclide Primary 63Ni 7.30E+01 2.53E+02 Ci 0.29

Radionuclide Primary 90Sr 6.61E+04 1.25E+05 Ci 0.53

Radionuclide Primary 99Tc 1.65E-01 4.57E-01 Ci 0.36

Radionuclide Primary 137Cs 1.45E+03 5.05E+03 Ci 0.29

Radionuclide Primary 232Th 5.61E-04 1.122-03 Ci 0.50

Radionuclide Primary 233U 1.83E-03 3.02E-04 Ci 6.05

Radionuclide Primary 234U 9.48E-04 5.94E-03 Ci 0.16

Radionuclide Primary 235U 3.87E-05 2.54E-04 Ci 0.15

Radionuclide Primary 236U 1.73E-05 1.06E-04 Ci 0.16

Radionuclide Primary 238U 9.04E-04 6.072-03 Ci 0.15

Radionuclide Primary 237Np 5.42E-02 7.36E-02 Ci 0.74

Radionuclide Primary 239Pu 1.6813+01 3.33E+01 Ci 0.50

Radionuclide Primary 240Pu 3.582+00 6.83E+00 Ci 0.52

Radionuclide Primary 241Pu 3.97E+01 8.16E+01 Ci 0.49

Radionuclide Primary 241Am 6.53E+01 9.972+01 Ci 0.65

Inorganic Primary Chromium Cr 3.79E+00 2.53E+01 Kg 0.15

Inorganic Primary Lead Pb 2.57E+01 6.96E+01 Kg 0.37

Inorganic Primary Mercury lig 1.93E+00 1.952+00 Kg 0.99

Inorganic Primary Nickel Ni 3.02E+01 4.702+01 Kg 0.64

Inorganic Secondary Aluminum Al 3.83E+02 8.11E+02 Kg 0.47

Inorganic Secondary Calcium Ca 1.18E+02 3.48E+01 Kg 3.39

Inorganic Secondary Iron Fe 2.07E+02 1.352+03 Kg 0.15

3-2



RPP-20577, REV. 0

Table 3-1. Comparison Between Post-Retrieval Sample Inventory and Selected Phase Removal
for Detected Analytes. (2 sheets)

Class Primary/ Constituent Post-retrieval sample SPR Units Ratio retrieval
secondary Inventory Inventory sample/SPR

Inorganic Secondary Lanthanum 2.45E+00 5.45E400 Kg 0.45La

Inorganic Secondary Manganese 5.50E+02 3.36E+02 Kg 1.64

Inorganic Secondary Sodium Na 1.89E+02 1.09E+03 Kg 0.17

Inorganic Secondary Strontium Sr 1.83E+00 2.88E+00 Kg 0.64

Inorganic Secondary Zirconium Zr 2.79E+00 1.17E+00 Kg 2.38

Note:
SPR - selected phase removal.

Uranium-233 is a factor of approximately 35 higher than other isotopes of uranium. The
enrichment 233U value relative to the other isotopes of uranium is most likely due to waste
generated from a thorium- 23 3 U run at the plutonium-uranium extraction plant. Wastes from these
runs were primarily disposed to SSTs C-102 and C-104. However, a possible explanation for
this would be an undocumented inadvertent transfer of the thorium- 23U waste to SST C-106 and
could explain the enrichment of 233U relative to the other isotopes of uranium. Calcium,
manganese, and zirconium are factors of 3.4, 1.6, and 2.4, respectively, over that predicted by
SPR. As discussed later in this report, none of these four contaminants contribute significantly
to any of the risk metrics.

3.2 SELECTION OF CONSTITUENTS OF
POTENTIAL CONCERN FOR SINGLE-
SHELL TANK 241-C-106

The purpose of this section is to select the COPCs for SST C-106. COPCs are defined as those
constituents that should be carried forward into the risk assessment process. During the course
of the risk assessment, COPCs are evaluated to identify and prioritize those constituents that are
estimated to pose an unacceptable risk and are used to support the Washington Administrative
Code (WAC) 173-303-610(2) closure performance standards for human health and the
environment to allow component closure activities to continue.

3.2.1 Data Used In Screening Process

Analytical data (including sludge and supernatant) for SST C-106 were collected and analyzed in
accordance with the procedures described in the RPP-13889. All SST C-106 retrieval sample
analytical data were evaluated in the COPC screening process. The retrieval samples were
analyzed for radionuclides, VOC, SVOC, PCBs and inorganics (including metals and
conventional parameters) in accordance with approved 222-S Laboratory procedures based on
EPA-approved methods.
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Analytical data for the sludge and supernatant sample were converted to inventory as described
in Section 3.1; the inventory results are based on the nominal volume estimates. The results
were then modeled to estimate groundwater concentrations at the fenceline. For purposes of the
COPC screening, all constituents were assumed to have no chemical interaction with soils
(i.e., be mobile, having a K, value of zero) and did not decay (i.e., radiological half-lives were
not considered).

3.2.2 Contaminants of Potential Concern Screening
Process Approach

Identification of the COPCs used in the risk assessment was through a seven-step screening
process. An explanation of each of these steps is provided in the following sections. Figure 3-1
provides an overview of this approach. Only the steps that led to including or excluding a COPC
in the risk assessment are shown.

Nondetected values are included in the risk assessment if they pass through the screening process
using an inventory calculated at 2 the detection limit per Risk Assessment Guidancefor
Superfund Volume I Iuman flealh Evaluation Manual Part A (EPA/5401-89/002). A summary
of the COPCs identified for the SST C-106 sample is provided in Appendix B, Table B-2.

3.2.3 Availability of Toxicity Values

Step 1. Any constituent reported by the laboratory, whether detected or not, was carried
forward into the first tier of the selection process. The only criterion in this tier is the
availability of a reliable toxicity value. If a toxicity value is available from EPA, then
the constituent was carried forward into the second tier of the COPC selection process.

If a constituent does not have a toxicity value from EPA, then the constituent was not
carried forward into the risk assessment. EPA sources of toxicity values (cancer slope
factors and noncancer reference doses) considered for risk assessment include the
following:

The Health Effects Assessment Summary Tables Radionuclide Table:
Radionuclide Carcinogenity - Slope Factors (Federal Guidance Report No. 13
Morbidity Risk Coefficients), provided by the EPA Office of Radiation and Indoor
Air (April 16, 2001 update), is a compilation of radionuclide slope factors at
www.ena.gov/radiation/heast.html
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Figure 3-1. Contaminants of Potential Concern Screening Process.

1165 Contaminants
Analyzed

po. 46 not COPCs EPA
Toxicity
Values

Step I

Detected

- Step 2

No, 85

No. 72 not COPCs Risk
123 Contamlnants > 1 % of

are not COPCs Target

Step 3
Ys 13

Primary
onstituen

Step 5

Nlo, 5

NQ. 5 not COPCs Mobile0
and Long

Lived
Step 6

Yes, 34 COPC

42 CPC

Yes, 8 cop~C,

Step 4 (is it Undedying Iamrdogs (onsitucn) &
Step 7 (exduwl based on Tank Process Knowkdge?)
did not ad to d ctin ofCOPC and a= nW show

* The Integrated Risk Information System database is available through the EPA
National Center for Environmental Assessment in Cincinnati, Ohio. The
Integrated Risk Information System, prepared and maintained by EPA, is an
electronic database containing health risk and EPA regulatory information on
specific chemicals (EPA 2004).
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* The Health Effects Assessment Summary Tables, provided by the EPA Office of
Solid Waste and Emergency Response, is a compilation of toxicity values
published in various health effects documents issued by EPA.

* EPA Region IX Preliminary Remediation Goal Table (October 2002) at
www.epa.Qov/docs/regionO9/wastc/sfund/prg/index.html.

Toxicity values are developed by EPA on an ongoing basis, and they are not available
for every constituent analyzed. Exclusion of those constituents without toxicity values
may underestimate potential risks within the tank.

3.2.3.1 Chemicals Without Toxicity Values. A total of 165 constituents were reported by the
laboratory. Of the 165 constituents, 46 did not have available toxicity values and therefore were
excluded from further consideration in the risk assessment, leaving 119 constituents.

3.2.4 Identifying Detected Constituents

Step 2. If a toxicity value was available from a reliable source and the constituent was
detected in the SST C-106 sample, then the detected constituent was identified as a
COPC and carried forward into the risk assessment. Thirty-four of the
119 constituents with available toxicity values were detected in the SST C-106 sample
and carried forward into the risk assessment, which leaves 85 nondetect contaminants.

3.2.5 Evaluating Nondetected Constituents

To determine if the 85 nondetected constituents with toxicity values should be identified as
COPCs, additional screening steps were taken. The screening steps assumed that the amount of
each nondetected contaminant was at its detection level. The screening steps are:

. Compare ILCR and hazard index (HI) values to risk screening thresholds
* Identify underlying hazardous constituents
. Identify primary constituents (RPP-13889)
. Identify mobile constituents
. Identify process-related constituents.

3.2.5.1 Compare Risk Estimates to Risk Screening Thresholds.

Step 3. The ILCR or IlI was calculated for each constituent based on the Hanford Site
Radiological Assessment Methodology (ISRAM) (DOE/RL-91-45) industrial worker
exposure scenario and compared to risk screening thresholds to determine their
potential for risk contribution. The HSRAM industrial exposure scenario was selected
because the most likely future land use for the tank farm area is considered industrial.
If the ILCR for a carcinogenic constituent was less than 1% of the performance
objective (1.0 x 10-) or 1 x 107 or the HI for a noncarcinogenic constituent was less
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than 1% of the performance objective (1.0) or 0.01, then the constituent was not
identified as a COPC and was not carried forward into the risk assessment.

Of the 85 nondetected constituents, 72 constituents were reported with ILCR or HIs less than the
identified risk screening thresholds. These 72 constituents were not identified as COPCs and
were not carried forward into the next step of the screening process. For the 13 nondetected
constituents exceeding the risk screening threshold values, they were all carried forward into the
next step of the screening process.

Step 4. If the nondetected constituent was included in the DQO because it is a constituent
included in the SST Part A Permit or it is a constituent that was identified as a COPC.
If the nondetected constituent was included in the DQO on the basis of being an
underlying hazardous constituent, then it was not identified as a COPC. None of the
13 remaining nondetected constituents were identified on the basis of only being an
underlying hazardous constituent, therefore the 13 constituents were carried forward
into the next step of the screening process. Because this step did not lead to the
inclusion or exclusion of a COPC, it is not shown on Figure 3-1. This step may be
important in future risk assessments.

3.2.5.2 Identify Primary Constituents.

Step 5. If the nondetected constituent was identified as a primary constituent in the DQO, then
it was identified as a COPC. If the nondetected constituent was identified as a
secondary constituent, then it was excluded from further consideration in the risk
assessment. The term "secondary constituent" is defined in the DQO as being
included in the EPA-approved method and is reported as an opportunistic constituent.

Of the 13 remaining nondetected constituents, nine were identified as primary constituents in the
DQO and were carried forward into the risk assessment.

3.2.5.3 Identify Mobile, Long-Lived Secondary Constituents.

Step 6. If the nondetected constituent is considered a mobile (Kj <0.6 ml/g) and long-lived
(half life> 100 years) constituent, then it was identified as a COPC. Of the five
remaining nondetected constituents ('Nb, '6Ru, "'Sb, "4 Cs, 126Ra), two were
considered short-lived ('6Ru, 15 Sb) and three were considered immobile ( 4Nb, '34Cs,
226Ra); all five were not identified as COPCs and were not carried forward into the
next step of the screening process.

3.2.5.4 Identify Process-Related Constituents.

Step 7. If the nondetected constituent is considered to be present in the tank based on process
knowledge, then it would be identified as a COPC. However, all nondetected
constituents were screened in previous steps, therefore this step was not considered.
Because this step did not lead to the inclusion or exclusion of a COPC, it is not shown
on Figure 3-1. This step may be important in future risk assessments.
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3.2.6 Summary of Contaminants of Potential Concern

A total of 165 constituents were reported by the laboratory and considered in the COPC
screening process. Appendix B, Table B-2 provides a complete listing of all analytes and at
which step of the screening process an analyte became a COPC or was dropped from further
consideration. Of the 165 constituents reported, 42 constituents (25 radionuclides and
17 nonradionuclides) were identified as COPCs and evaluated in the risk assessment. The
following constituents were identified as COPCs because they were detected in the SST C-106
sample:

63Ni "'Sr "TC 1'Cs
228Th 2"Th 232Th 233u

23u 2u 236U 24u

2PNp 24p 39Pu 24 Pu
24'Am Aluminum barium cadmium
hexavalent chromium Cobalt copper cyanide
iron Manganese mercury nickel
silver Strontium zinc 2-butanone
2-propanone di-n-butylphthalate

The following nondetected constituents were identified as COPCs because they exceeded the risk
screening threshold values and were identified as primary constituents in the DQO:

'Co 152Eu "4 Eu 15Eu 2 8Pu
242Cm 23c~M 2M4Cm

3.3 SINGLE-SHELL TANK 241-C-106
RETRIEVAL AND CLOSURE EFFECTS ON
SELECTED LONG-TERNI RISK METRICS

Projected effects of residual waste retrieval and other component closure activities on selected
long-term risk metrics are described in this section. This section addresses changes in long-term
human health risk due to changes in the source term after retrieval. The same assumptions,
except for the inventory of the residual source term given in RPP-13774 Attachment C-1, apply
to this risk assessment. Source term inventories that change in this risk assessment are residual
tank waste and hypothetical retrieval leak from SST C-106. For residual tank waste, actual
samples from the tank are used to calculate residual inventories. The hypothetical retrieval leak
inventories were zeroed out. Results for other tank residuals, ancillary equipment residuals, past
ancillary equipment leaks, and past tank leaks do not change. For those results, see RPP-13774,
Attachment C-1.
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3.3.1 Retrieval Leaks

The risk assessment presented in RPP-1 3774, Section 4.0, assumed a hypothetical 8,000-gal
retrieval leak. No tank leakage occurred during retrieval operations, therefore the risks
associated with a retrieval leak are not calculated in this risk assessment and are assumed to be
zero (RPP-201 10, Section 2.4).

3.3.2 Residual Tank Waste Risk Metrics

The ILCR, HI, and radiological drinking water dose for the industrial and residential receptors
arc estimated using peak modeled groundwater concentrations from the residual tank waste
(Table 3-2).

As shown in Table 3-2, the post-retrieval sample inventory results for industrial ILCR is almost a
factor of 4 smaller than that calculated using pre-retrieval inventory (SPR). This is due to the
differences between the pre-retrieval inventory (SPR) and post-retrieval sample inventory
(Table 3-1). These differences in inventory are also reflected in ILCR-nonrad, HI, and
radiological drinking water dose results, which decreased by a factor of approximately 7.0 for
each metric.

Table 3-2. Cumulative Incremental Lifetime Cancer Risk, Hazard Index, and Radiological
Drinking Water Dose from Peak Groundwater Concentration Related to Residual

Waste Volume in Single-Shell Tank 241-C-106.
Industrial receptor Residential receptor

Metric SPR Post-retrieval SPR Post-retrieval peak
Inventory sample inventory inventory sample inventory

Radioactive
chemicals ILCR' 7.8E-08 2.013-08 1.5E-06 4.813-7 5609
(unitless)

Nonradioactive
chemicals ILCRa 6.0E-09 8.9E-10 1.3E-08 2.0E-09 5614
(unitiess)

Iazard indexb 9.9E--04 1.413-04 5.51E-03 7.9E-04 5614
(unitless) _______ ______

Radiological dose
via drinking waterc 3.52-03 5.2E-04 1.013-02 1.5E-03 5606
(mrren/yr EDE)
Notes:

3ILCR target value is < 1.00E-06 to 1.00E-04 for radiological (EPA/540IR-99/006 Radiation Risk Assessment at
CERCLA Sites: Q& A Directive 9200.4-31P). ILCR target value is< 1.0013-05 for nonradiological (RPP-14283).

b Noncarcinogenic Hlazard Index is < 1.00 (RPP-14283)
'Groundwater dose target values is < 4 mrem/yr (I Uday ingestion for 250 days for industrial receptor, and 2 Uday

for 365 days for residential receptor). (R PP-14283)
EDE - effective dose equivalent
ILCR = incremental li fetime cancer risk
SPR - selected phase removal.

RPP-14283, 2004, Performance Objectivesfor Tank Fann Closure Performance Assessments. Rev. 1, CH2M H ILL
Hanford Group, inc., Richland, Washington.
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For ILCR-rad, "Tc is the primary contributor to this metric for radiological contaminants and the
reduction in risk between using the SPR inventory and the post-retrieval sample inventory is
directly related to the reduction of inventory for this radionuclide and the removal of '2 1 as a
COPC (due to none being found and the nondetect amount being insufficient to trigger further
analysis [Section 3.2]). The "Tc residual inventory calculated by SPR was 0.46 Ci, and for the
post-retrieval sample inventory it is 0.165 Ci, a reduction by a factor of approximately 3. For
2I, SPR calculated inventory is 3.7 x 103 Ci, but it was removed from the post-retrieval risk

assessment because it did not pass through the screening process for COPCs. This same pattern
is also repeated for radiological drinking water dose, because "Tc and '291 are the primary
contributors to this metric.

For nonradionuclides, chromium is the primary contributor to ILCR-nonrad. The reduction in
chromium inventory between the pre-retrieval risk assessment and the post-retrieval risk
assessment is the reason for the reduction in ILCR for nonradionuclides.

For the HI metric, the primary contributor to this risk metric is chromium, if all chromium is
assumed to be Cr+", then it contributes to almost 100% of the Ill. The difference in the value for
this risk metric between inventories calculated by the SPR method and the post-retrieval sample
results is the lower inventory of chromium (factor of approximately 6.5 lower), the removal of
nitrite, and nitrate as a COPC from the screening process. The total HI for the tank residuals is a
factor of approximately 7,000 below the target value of 1.0.

3.3.3 Single-Shell Tank 241-C-106 Effects on Drinking
Water Standards

Estimated long-term groundwater quality effects for each residual inventory are compared to the
primary drinking water standards (maximum contaminant levels) in Table 3-3. The changes in
concentration reflect the change in inventory between SPR and post-retrieval sample.

Table 3-3. Comparison of Groundwater Impacts from Single-Shell Tank 241-C-106
between Selected Phase Removal Inventory and Post-Retrieval Sample Inventory

Closure Conditions.

Constituent SPR Post-retrieval Drinking water
inventory sample Inventory standard (MCL)

Technetium-99 3.9 pCi/L 1.4 pCi/L 900 pCi/L

Chromium (assumes hexavalent chromium) 2.2E-04 mgfL 3.3E-05 mg/L 0.10 mg/L

Notes:
The radionuclide concentration shown is the "C4" concentration, which is the concentration of the individual

nuclide in drinking water that would result in an annual dose of 4 mrcm/yr using the target organ dose
methodology specified by the Washington State Environmental Policy Act.
MCL - maximum contaminant level, MCL for chromium is for total chromium, not hexavalent chromium.
SPR - selected phase removal.
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3.4 CUMULATIVE EFFECTS OF REPRESENTATIVE
COMPONENT SOURCE TERMS

The base case evaluated for SST C-106 includes contribution to risk metrics from residual tank
waste after retrieval to 360 ft3 and an 8,000-gal retrieval leak (RPP-13774, Attachment C-1).
Past leak and adjacent ancillary equipment source terms are identified as applicable; however,
these source terms are addressed cumulatively at the WMA C risk assessment given in
RPP-13774 (Attachment C-1). This section focuses on the changes to the base case risk
assessment given in RPP-13774 caused by the inventory calculated from post-retrieval sample.

3.4.1 Radiological Incremental Lifetime Cancer Risk

The cumulative contribution to ILCR-rad for the industrial worker scenario between the different
residual inventories is given in Figure 3-2. In this plot the following four curves are shown:

. WMA C: SPR Inventory (Green Solid Line, Square Symbols). This is the cumulative
WMA C ILCR-rad curve given in RPP-13774, Attachment C-1. The sources included in
this curve are given in RPP-13774, Attachment C-1, Table 13. Briefly summarized, this
curve includes SPR residual inventory for all C-100 and C-200 series tanks, ancillary
equipment leaks, ancillary equipment residuals (i.e., pipeline), and an 8,000-gal retrieval
leak from each of the C-100 series tanks. The peak ILCR-rad for this curve is 1.4 x 10'
and is within the performance objective range (1.0 x 104 to 1.0 x 106). The peak ILCR-
rad for WMC tank residuals is 1.0 x 104 and it occurs in the year 5610. The rise in ILCR-
rad after calendar year 11,000 indicates less mobile contaminants such as uranium from
hypothetical retrieval leaks and past leaks arriving at the fenccline.

. WMA C: Post-Retrieval SST C-106 Sample Inventory (Brown Dash Line, Delta
Symbols). For this curve, the inventory calculated from the post-retrieval SST C-106
sample was used for SST C-106 residual inventory. The hypothetical retrieval leak from
SST C-106 was removed because no retrieval leak occurred. Except for these changes
made for SST C-106, the inputs to the analysis are exactly the same as the previous
curve. Although, the previous curve and the current curve overlap, there are some
differences. The peak ILCR-rad for this curve is 1.39 x 10. The slightly lower value
reflects removing the hypothetical retrieval leak from SST C-1 06. Additionally, in the
year 5000 the curves diverge slightly, this curve had a slightly lower ILCR-rad than the
SPR inventory curve. The peak ILCR-rad for WMA C tank residuals using the post-
retrieval sample to calculate SST C-106 inventory is 9.7 x 10'7, or about a 3% reduction
in total risk from tank residuals. This reduction is due to the smaller residual inventory of
"Tc, and the removal of 1291 as a COPC.

. SST C-1 06: SPR Inventory (Red Dash Dot Line, Circle Symbols). This curve is the
same curve given in RPP-13774, Attachment C-1. This is a cumulative curve showing an
8,000-gal retrieval leak from SST C-106 along with the impacts from SST C-106
residuals. The peak value is 1.3 x 10 7 due to the hypothetical 8,000-gal retrieval leak
occurring approximately 30 years after closure. The peak for the residuals is 7.8 x 10~8
occurring at year 5610.
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SST C-106: Post-Retrieval SST C-106 Sample Inventory (Orange Dash Dot Dot Line,
Diamond Symbols). A leak from the tank did not occur during retrieval and therefore, a
retrieval leak was not considered (Section 3.3.1). The peak value for this curve 2.0 x 108,
which is almost a fourfold decrease over the risk calculated for the SPR inventory. The
decrease in " Te inventory and the removal of 121 as a COPC account for the decrease in
ILCR-rad. The peak value of 2.0 x 108 is a factor of 500 below the performance
objective of 1.0 x 10- for this performance metric.

The residential scenario for these four curves is given in Figure 3-3. The same pattern given for
the industrial worker receptor (Figure 3-4) is also shown in this figure. However, the order of
magnitude in risk for this receptor has increased by approximately a factor of 24 (compare
Figure 3-3 with Figure 3-4), which represents greater use of the groundwater by the residential
receptor.

Figure 3-2. Comparison of the Selected Phase Removal Inventory and Single-Shell Tank
241 -C- 106 Post-Retrieval Sample Inventory for both Waste Management Area C and

Single-Shell Tank 241-C-106 to Incremental Lifetime Cancer Risk for
the Industrial Worker Scenario.
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Figure 3-3. Comparison of the Selected Phase Removal Inventory and Single-Shell Tank
241-C-106 Post-Retrieval Sample Inventory for both Waste Management Area C

and Single-Shell Tank 241-C-106 to Incremental Lifetime Cancer Risk for the
Residential Scenario.

licormental lifetime Cancer Risk (RAdiological Constituents) for
IISRAM Residential at WMA C Fence Line

5000 6000 7000
Calendar Year

8000 9000 10000 11000 12000

H H 4

3.4.2 Hazard Index

The cumulative contribution to HI for the industrial worker between the different residual
inventories is given in Figure 3-4. In this plot the following four curves are shown:

" WMA C: SPR Inventory (Green Solid Line, Square Symbols). This is the cumulative
WMA C HI base curve. The base curve is described in the first bullet of Section 3.4.1.
The peak HI for this curve is 1.25 x 10-1 (please note this is slightly higher than what was
reported in RPP-13774 [9.7 x 10-2] because of the inclusion of n-Butanol from past
unplanned releases). However, it is still below the performance objective of 1.0. The
rise in HI at calendar year 1 1000 indicates less mobile contaminants such as uranium
from hypothetical retrieval leaks and past unplanned releases arriving at the fenceline.

" WMA C: Post-Retrieval SST C-106 Sample Inventory (Brown Dash Line, Delta
Symbols). For this curve, the inventory calculated from the post-retrieval sample was
used for SST C-106 residual inventory and the hypothetical retrieval leak from
SST C-106 was removed because no retrieval leak occurred. This curve is almost the
same as described in the preceding paragraph, but slightly lower due to the removal of the
hypothetical retrieval leak from SST C-106 and the lower inventory of constituents that
make up the HIl. Although, for the most part the previous curve and this one overlap,
there are some differences. The peak HI for this curve is 0.123. The slightly lower value
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reflects removing the hypothetical retrieval leak from SST C-106. Additionally, at about
5,000 years, the curves diverge slightly, this curve has a slightly lower HI than the
WMA C SPR inventory curve. This is due to the smaller residual inventory for Cr+6

calculated from the SST C-106 post-retrieval sample. The peak HI for tank residuals for
this curve is 8.6 x 10

. SST C-106: SPR Inventory (Red DashDot Line, Circle Symbols). This curve is the
same curve given in RPP-13774, Attachment C-I. This is a cumulative curve showing an
8,000-gal retrieval leak from SST C- 106 along with the impacts from SST C- 106
residuals. The peak value is 9.9 x 104 due to the residual waste.

. SST C-106: Post-Retrieval SST C-106 Sample Inventory (Orange DashDotDot Line,
Diamond Symbols). This curve is for the residual inventory calculated using the
post-retrieval sample. A leak did not occur during retrieval. The peak value for this
curve 1.4 x 104, which is factor of over 7,000 below the performance objective of 1.0. It
is also over a sevenfold decrease for the HI calculated for the SPR inventory. The
decrease is due to the difference in Cr6 inventories between the post-retrieval sample and
SPR inventory; and the dropping of nitrite and nitrate as COPCs (Section 3.2).

Figure 3-4. Comparison of the Selected Phase Removal Inventory and Single-Shell Tank
241-C-106 Post-Retrieval Sample Inventory Ibr both Waste Management Area C and

Single-Shell Tank 241-C-106 to Hazard Index for the Industrial Worker Scenario.
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3.4.3 Radiological Drinking Water Dose

The cumulative contribution to radiological drinking water dose for the industrial worker
between the different residual inventories is given in Figure 3-5. In this plot the following four
curves are shown:

* WMA C: SPR Inventory (Green Solid Line, Square Symbols). This is the cumulative
WMA C radiological dose base curve. The base curve is described in the first bullet of
the Section 3.4.1. The peak radiological dose is for this curve is 4.6 x 10, which is
below the performance objective of 4.0.

* WMA C: Post-Retrieval SST C-106 Sample Inventory (Brown Dash Line, Delta
Symbols). For this curve, the inventory calculated from the post-retrieval sample was
used for residual inventory and the hypothetical retrieval leak from SST C-106 was
removed because no retrieval leak occurred. Except for these changes made for
SST C-106, the curve is exactly the same as described in the first bullet of this section.
Although for the most part the previous curve and this one overlap, there are some
differences. The peak radiological dose for this curve is also 4.5 x 10, which indicates
the hypothetical 8,000-gal retrieval leak from this tank did not impact this metric because
the hypothetical retrieval leak was removed in this curve. Additionally, at about
5,000 years, the SPR and post-retrieval sample curves diverge slightly, with post-retrieval
curve having a slightly lower radiological dose than the curve base on the SPR curve.
This is due to the smaller residual inventory of "Tc calculated from the post-retrieval
sample.

* SST C-106: SPR Inventory (Red DashDot Line, Circle Symbols). This curve is the
same curve given in RPP-13774, Attachment C-I. This is a cumulative curve showing an
8,000-gal retrieval leak from SST C-106 along with the impacts from SST C-106
residuals. The peak value is 5.0 x 10- mrem/yr due to the retrieval leaks considered in
the pre-retrieval analysis.

. SST C-106: Post-Retrieval SST C-106 Sample Inventory (Orange DashDotDot Line,
Diamond Symbols). This curve is for the residual inventory calculated using the
post-retrieval sample. Leaks did not occur during retrieval and therefore were not
considered. The peak value for this curve is 6.6 x 104 mrem/yr, which is almost a
sevenfold decrease over the radiological dose calculated for the SPR residual inventory.
This is due to the smaller residual inventory of "Tc and 129, which is no longer a
contaminant of concern. This is a factor of almost 6,000 below the performance
objective 4 mrem/yr.
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Figure 3-5. Comparison of the Selected Phase Removal Inventory and Single-Shell Tank
241-C-106 Archive Sample Inventory for both Waste Management Area C and

Single-Shell Tank 241-C-106 to Radiological Drinking Water Dose
for the Industrial Worker Scenario.
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3.4.4 Results for Individual Contaminants for
Post-Retrieval Single-Shell Tank 241-C-106

The results presented in the previous section discussed the impacts to the cumulative totals for
WMA C and how the inventory calculated from the post-retrieval sample impacted those
cumulative curves. The contaminants from Appendix B, Table B-l were evaluated in
Section 3.2 to determine the COPC. Of the 165 analytes evaluated, 29 radionuClides and
14 nonradionuclides were considered as COPC. Table 3-4 provides the risk for each exposure
scenario per radionuclide considered a COPC, while Table 3-5 provides the same information for
nonradionuclides. In each of these tables the following columns are provided.

. Analyte Name for COPC

" Inventory associated with COPC (Appendix B, Table B-2)

" WMA C Fenceline Concentration is the modeled (RPP- 13774) concentration at the
WMA C fenceline. If there is inventory associated with a COPC, the COPC may not
have a corresponding concentration at the fenceline. Short-lived radionuclides will decay
away before the contaminant can arrive at the WMA C fenceline. Immobile COPCs
(i.e., Kd greater 0.6 mg/L) will also result in a zero concentration at the fenceline, as they
will not reach the fenceline within 10,000 years.
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. K d2 is the mobility factor used in the groundwater modeling for the analyte. The actual
K of the COPC is almost always larger than the K4 used in the modeling (i.e., reported
9Sr K1 for Hanford Site sediments is 8 - 15 mg/L, the modeling used 1.0 mg/L). If the
K, is equal to zero, the analyte moves with the groundwater. However, if the Kd is equal
to 0.6 mg/L, the contaminant moves at approximately 1/10 the velocity of the
groundwater in the aquifer, and even slower in the vadose zone.

* Half-life is the half-life of the radionuclide or organic compound in years. All organics
were treated with an infinite half-life.

. HSRAM Exposure Scenarios for ILCR (radionuclides and nonradionuclides) and HI
(nonradionuclides). Use dosimetry factors from Exposure Scenarios and Unit Dose
Factors for Hanford Tank Waste Performance Assessments, (HNF-SD-WM-TI-707
[Note: this document is in the process of being revised to add more analytes and to
address previous comments from Ecology]).

. All-Pathway Radiological Dose are provided for the farmer and Native American
receptors radionuclides.

* Drinking Water Dose for radionuclides using effective dose equivalent.

Evaluation of Tables 3-4 and 3-5 clearly show the major risk driving analytes for radionuclides
in this tank is "Tc (2.0 x 10-8). For nonradionuclides, chromium, in its hexavalent state, is the
primary risk driver, but at an order of magnitude less than WTc. Chromium's peak ILCR-nonrad
is 8.9 X 10-10.

2 Although during the Notice of Deficiency process for the RPP-13774, it was agreed to evaluate uranium with a lower Kd.
However, recent site-specific field and laboratory data indicates lowering the K4 for uranium would not be technically justifiable.
The mobility of uranium transport in the 200 Area vadose zone is considered to be retarded in comparison with the movement of
water. In contrast, the mobility of "Tc and nitrate are seen to be the same as that of water. These conclusions are based on
numerous laboratory experiments (see for example, the Geochemical Data Package for the Immobilized Low-Activity Waste
Performance Assessment, PNNL-13037). This retarded movement of uranium compared to 'rc and water is confirmed by
recent preliminary measurements from the B-26 Borehole in the BC Cribs Area (RPP-20303, Preliminary Datafrom 216-8-26
Borehole in BC Cribs A rea) where the peak of uranium is found at 22.5 ft below surface, while "Te peak is at 101 ft. Recent
preliminary results from a borehole drilled near SST C-105 show a similar pattern, uranium peaking at 1 ft (the tank bottom
being at about 45 ft) and "rc peaking at 146 ft. Thus, laboratory and field experiments confirm that uranium mobility is retarded
in vicinity of WMA C.
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Table 3-4. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose per Radionuclide Contaminant of Potential
Concern using Nominal Post-Retrieval Inventory. (2 Sheets)

All-pathway Drinking water dose
WNIA C IISRAM Incremental cancer risk scenarios (groundwater) radiologfcal dose C4E beta/ptoton

Inventory fenceilne K.4 1iaf-Life grn/yr (mrem-EDE/yr)Analrle (CI) concentration (mrUg) (yr) (mrem/yt)

Industrial Residential Agricultural Recreational p Aerican AmerA can Residential Industrial
farmer

Cobalt-60 9.00E+00 0 0.1 5.27 0 0 0 0 0 0 0 0 0 0
Nickel-63 7.30E+01 0 1 100.1 0 0 0 0 0 0 0 0 0 0
Strontium-90+ 6.6 1E+04 0 1 28.1 0 0 0 0 0 0 0 0 0 0D

Technetium-99 1.65E-01 1.43E+00 0 2.1E+05 2.01-08 4.8E-07 6.7E-07 1.71-09 1.02-06 6.9-06 2.53-03 6.01-03 1.51-03 5.2E-04

Cesium-137 1.45E+03 0 1 30.0 0 0 0 0 0 0 0 0 0 0

Europium-152 3.14E+01 0 1. 13.3. 0 0 0 _ 0- 0 0 0 0 -0 0
Europium-154 4.07E+01 0 1 8.59 0 0 0 0 0 0 0 0 0 0
Europium-155 3.90E+01 0 1 4.68 0 0 0 0 0 0 0 0 0 0
Thorium-228 5.75E-04 0 1 1.91 0 0 0 0 0 0 0 0 Not Beta Not Beta+ E

Thoriuyn-230 8.822E04 0 1 75380 0 0 0 0 0 0 0 0 Not Beta Not Beta

Thorium-232 5.612-04 0 1 1.4E+10 0 0 0 0 0 0 0 0 Not Beta Not Beta

Uranium-233 1.83E-03 2.26E-07 0.6 1.6E+05 8.5E.14 4.3E-13 4.72-13 7.02-15 3.9E-13 1.13-11 4.7E-08 1.9-07 Not Beta Not Beta
Uraniun-234 9.48E-04 1.20E-07 0.6 2.5E+05 4.43-14 2.2E-13 2.41-13 3.6E-15 2.02-13 5.5E-12 2.4-08 9.7E-08 Not Beta Not Beta

Unium-235 3.87E-05 4.94E-09 0.6 7.0E+08 2.02-15 1.22-14 1.32-14 1.7E-16 2.0E-14 2.2&13 9.6E-10 3.8-09 Not Beta Not Beta

Uranium-236 1.732-05 2.22-09 0.6 2.34E+07 7.82-16 4.02-15 4.E-15 6.5&17 3.6E-15 9.62-14 4.3E-10 1.7E-09 Not Beta Not Beta

Uranium-238 9.042-04 1.172-07 0.6 4.52+09 5.3E-14 2.8E-13 3.1-13 4.52-15 2.521-3 4.92-12 2.22-08 8.8E-08 Not Beta Not Beta

Neunium-237 5.42-04 0 1 2.1 E+06 0 0 0 0 0 0 0 0 Not Beta Not Beta+0D
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Table 3-4. Incremental Lifetime Cancer Risk, Radiological Dose, and Drinking Water Dose per Radionuclide Contaminant of Potential
Concern using Nominal Post-Retrieval Inventory. (2 Sheets)

All-pathway Drinking water dose

W31A C IISRAM Incremental cancer risk scenarios (groundwater) radiological dose C4E beta/photon

Anal Inventory fenceilne Kd Half-Life (mrnwr) (mrem-EDE/yr)
yte (C) concentration (mtag) (yr) All

(pci/L) Al Native Native
Industrial Residential Agricultural Recreational pathway Amedcan Farmer American Residential Industrial

farmer

Plutonium-238 1.36E+00 0 1 87.7 0 0 0 0 0 0 0 0 Not Beta Not Beta

Plutoniurn-239 1.68E+01 0 1 24110 0 0 0 0 0 0 0 0 Not Beta Not Beta

Plutonium-240 3.58E+00 0 1 6563 0 0 0 0 0 0 0 0 Not Beta Not Beta

Plutonium-241 3.97E+01 0 1 14.4 0 0 0 0 0 0 0 0 0 0
+ D

Americium-241 6.53E+01 0 1 433 0 0 0 0 0 0 0 0 Not Beta Not Beta

Curium-242 7.90E-02 0 1 0.446 0 0 0 0 0 0 0 0 Not Beta Not Beta

Curium-243 1.51E-01 0 1 28.5 0 0 0 0 0 0 0 0 Not Beta Not Beta

Curium-244 3.63E+00 0 1 18.1 0 0 0 0 0 0 0 0 Not Beta Not Beta

Masimum 2.0E-08 4.8E-07 6.7E-07 1.7E-09 1.0E-06 6.9E-06 2.5E-03 6.0E-03 1.5E-03 5.2E-04

Niotes:
Shaded cells are nondetect and the inventory used in the risk assessment is calculated at 'a the minimum detection limit.
Performance objective for ILCR-Rad - 1.0 E-4 to 1.0 E-6 (EPA/540/R-99/006 Radiation Risk Assessment at CERCLA Sites: Q & A Directive 9200.4-31 P).
Performance objective for radiological dose - 25 mrem/yr.
Performance objective for drinking water dose 4 mrenVyr.
ILCR = incremental lifetime cancer risk.
WMA - Waste Management Area.
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Table 3-5. Incremental Lifetime Cancer Risk and Hazard Index per Nonradionuclide Contaminant of Potential Concern using Nominal
Post-Retrieval Inventory. (2 sheets)

WMA C HSRAM incremental cancer risk scenarios HSRAIN hazard Index scenarios (groundwater)
Inventory fenceline K4 Haf- (groundwater)

Analyte () concentration (m g) Life - aeR A Nt())yr) Industrial Residential Ai- ReAs Aalental ndustrial R Aa Ise
Path " rlway American cultural a rmPatcutrlfn!Farmer I y Id

Aluminum 4.87E+02 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Barium 2.08E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Cadmium 1.84E+00 0 1 Infinity 0 0 0 0 0 0 0 0 0 0 0 0

Chromium 4.81E+00 4.20E-05 0 Infinity 8.9E-10 2.02-09 2.02-09 3.5E-11 30.E09 2.5E.06 1.4-04 7.9E-04 8.2E04 1.5E405 3.7E.04 2.7202

Cobalt 4.78E-01 2.65E-06 0.1 Infinity 2.7E.11 8.0&-11 8.0&.11 1.5E-12 1.2E-10 3.8-08 2.7E-06 1.025 1.12-05 1.7E-07 1.1-05 6.9E-04

Copper 2.93E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Cyanide 9.93E-02 0 I Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Iron 2.66E+02 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Manpgnese 6.99E402 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Menry 2.45E+00 0 1 Infinity N/A WA N/A N/A N/A N/A 0 0 0 0 0 0

Nickel 3.85E+01 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Silver 9.98E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Strontium 1.66E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

Zinc 2.70E+00 0 1 Infinity N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0

2-Butanone 5.69E04 4.97E-09 0 Infinity N/A N/A N/A N/A N/A N/A 3.4-10 1.409 1.41-09 8.02-12 1.3-09 3.4E-09
(MEK) ___ ____ __

2-Propanone 1.65E-03 1.442-8 0 Infinity N/A WA N/A N/A N/A N/A 12210 29209 2.9E-9 1.5-11 2.5E-09 8.6E-09
(Acetone) _ _
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Table 3-5. Incremental Lifetime Cancer Risk and Hazard Index per Nonradionuclide Contaminant of Potential Concern using Nominal
Post-Retrieval Inventory. (2 sheets)

WMA C f HSRAM Incremental cancer risk scenarios IISRAM hazard Index scenarios (groundwater)
Inventory fenceline K4 Half- (groundwater)

Analyte Kd Life -(Ci) concentration (mUg) Life AgrM- r All Agri. Rere. All
(Mg/L)dustrial e n tional yAnrica s cultural tional Pathways American(nigfl)Fanner Farmer

butylphthalate 1.07E-01 1.41E-I1 0.6 infinity N/A N/A N/A N/A N/A N/A 6.6E-14 4.4E-13 4.4E-13 7.1E-15 2.1E-13 6.3E-13

Maximum 8.9E-10 2.0E-09 2.0E-09 3.6E-11 3.0E-09 2.5E-06 3.4E-4 7.9E-04 8.2E-04 1.5E-05 3.7E-04 2.7E-02

Notes
Performance objective for LCR - 1E-5 (RPP-14283)
Performance objective forlazard Index - (RPP-14283)
HSRAM - Hanford Site Radiological Assessment Aferhodoloy (DOE/RL-91-45).

N/A - not applicable.

RPP-14283, 2004, Perfornance Objetiesfor Tank Forny Closure Performance Assessments. Rev. 1, CH2M HILL Hanford Group, Inc., Richland, Washington.
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3.5 RISK RELATED TO RESIDUAL VOLUME

Figure 3-6 illustrates the reduction of ILCR-rad as a function of SST C-106 residual waste
volume. At each level of retrieval below the nominal volume for solids only (of 359 113), the
inventory for contaminants in SST C-106 has been reduced linearly. Also included on the figure
are results from the inventory calculated using the 95% UCL volume rather than the nominal
volume (370 ft3), 95% UCL for volume, density, and analytes, as well as the pre-retrieval risk
represented by the residual inventory calculated from the SPR method. This analysis assumes
that no waste will be lost during additional retrievals.

Table 3-6 shows the relative contribution of SST C-106 relative to the total risk of SST residuals
at different levels of retrieval. Risk for the total of all WMA C SST residuals was calculated
using the SPR inventory given in RPP-13774, Attachment C-I. For that assessment, the ILCR-
rad for the industrial receptor was 7.8 x 10-, while the ILCR-rad for all of the residuals in WMA
C was 1.0 x lot The percentage of the risk represented by the residual in SST C-106 is
approximately 7.8% or 1/12 of the total cumulative risk using the inventory calculated by the
SPR. Replacing the SPR inventory, with the inventory calculated from the post-retrieval sample
using the nominal volume (370 ft3) reduces the risk posed by SST C-106 from 7.8% to
approximately 2.1%. Replacing the nominal volume with the volume calculated for the 95%
UCL will cause the 2.1% contribution from SST C-106 to increase to 2.6%.

Figure 3-6. Change in Incremental Lifetime Cancer Risk for the Industrial Worker for
Single-Shell Tank 241-C-106 Residual Waste as a Function of Waste Volume Reduction.

Performance Objective 1 x 104 to 1 x 104 for Radiological Contaminants
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Table 3-6. Relative Contribution of Single-Shell Tank 241-C-106 Residual Waste to
Total WMA C Residual Waste to the Industrial Receptor at the WMA C Fenceline

at Selected Retrieval Volumes.

Total VINA C SST C-106 Percentage
contribution ofresidual tank waste residual tank waste SST C-1 06 to VNLA

Residual Inventory All- All- All-
(volume)' ILCR pathways ILCR pathways ILCR pathways

Industrial farmer Industrial farmer industrial farmer
dose dose (%) dose

(mremlyr) (mrem/yr) (mrem/yr)

risk asses entused in re-retrieval 1.02E-06 1.97E-01 7.84E-08 2.74E-02 7.72 13.88%

Post-retrieval sample SST C-106

ac constiventa forealcuntor of 9.64E-07 1.73E-01 2.61E-08 3.32E-03 2.71 1.92%
based on RPP-6924

Post-retrieval sample SST C-106
95% UCL volume 9.63E-07 1.73E-01 2.48E-08 3.15E-03 2.58 1.82%
(466 W9 [sludge + liquids])

Post-retrieval sample SST C-106
Nominal volume (370 ft1 [sludge + 9.57E-07 1.73E-01 1.97E-08 2.50E-03 2.05 1A5%
liquids])

Postmtid 3 [sludge nly]) 9.542-07 1.72E-0I 1.64E-08 2.09E-03 1.72 1.21%

Post-retrieval sample SST9C-106 .51E-07 1.72E-01 1.37E-08 1.74E-03 1.44 1.01%Estimated (250 At' [sludge only]) _____

Post-retrieval sampleSSTC-106 9.49E-07 1.71E-01 1.1OE-08 1.39E-03 1.16 0.81%
Estimated (200 ft' (sludge only]) ________________

Post-retrieval sample SSTC-106 9.46E-07 1.71E-01 8.22E-09 1.04E-03 0.87 0.61%Estimated (150 ft3 [sludge only]) __________

Post-retrieval sample SST C-106 9.431-07 1.71E-01 5.48E-09 6.962-04 0.58 0.41%Estimated (100 ft' [sludge only]) I_____ _____ ____ ____

Post-retrieval sample SST C-106 9.40E-07 1.70E-01 2.74E-09 3.48E-04 0.29 0.20%Estimated (50 f9 [sludge only]) ______________________ __________

Notes:
'See inventory definitions page for a complete description of how each inventory is calculated.
ILCR - incremental lifetime cancer risk.

SPR - selected phase removal.
SST - single-shell tank.
UCL - upper confidence limit.

WMA = Waste Management Area.
RPP-6924, 2000, Statistical Alethods for Estimating the Uncertainty in the Best-Basis Inventories. Rev. 0. Cl I2M ILL

Hanford Group, Inc., Richland, Washington.
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3.6 CONCLUSIONS

The conclusions of this risk assessment are summarized in the following three points:

1. Risk values presented in this analysis and those contained in RPP-13774, Attachment C-1
for the entire WMA are nearly the same.

2. The impacts estimated for SST C-106 are a factor of 4 smaller in this analysis than those
in RPP-13774.

3. Of the 42 COPCs analyzed, "Tc and chromium are the primary contaminants (greater
than 99% and 95%, respectively) that drive risk. The conclusions presented in
RPP-13774 arc unchanged by the present analysis using residual SST C-106 tank waste
samples. Based on the current residential inventory, no groundwater quality standards
would be exceeded.
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4.0 EVALUATION OF POTENTIAL AND FUTURE WASTE RETRIEVAL
TECHNOLOGIES

This section describes and presents comparative evaluations of additional waste retrieval
technologies that are currently available (i.e., do not require further research and development
prior to deployment). It also describes and compares future potential retrieval technologies
requiring research and development that have potential for future deployment at the Hanford Site
tank farms. The information provided documents that three additional technologies (modified
sluicing, Vacuum Retrieval Systems [VRS], and Mobile Retrieval System [MRS]) configured in
four alternatives are sufficiently mature to evaluate for potential deployment to retrieve
additional waste from SST C-106. Cost, schedule, and performance data are presented, as well
as an assessment of technical uncertainties potentially limiting the ability of the technologies to
effectively retrieve waste to the HFFACO retrieval criteria. Information is also provided on
other potential future technologies that, at this time, are not sufficiently developed and
technically mature to support cost, schedule, and performance evaluations.

4.1 AVAILABLE RETRIEVAL TECHNOLOGIES

Evaluation of additional waste retrieval technologies was performed using a three-step process
that included:

. Identifying the retrieval functions the technologies would need to perform

* Identifying retrieval technologies/alternatives that could be deployed in SST C-106
without further research and development

* Comparing the relative effectiveness of the additional available technologies/alternatives
against performance objectives.

4.1.1 Functions of Retrieval Technologies

Many of the SST retrieval technologies that could be deployed in the near-term could satisfy
multiple retrieval functions. Many also have overlapping capabilities. This section describes the
retrieval technology functions most relevant to removing additional waste from SST C-106.
These functions include:

" Dissolve Waste - Waste is dissolved by adding a solvent (e.g., water or acid in Hanford
Site tank farms) over time. Once waste is dissolved, the waste solution is pumped out of
the SST.

* Break Up Agglomerated Waste - Waste is broken up via mechanical energy from a
water stream (via nozzle), mixing from a pump, or an in-tank mechanical vehicle. Once
agglomerated waste is broken up, facilitate moving or transferring the waste.
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" Mobilize/Move Waste in the Tank - Waste is mobilized in the tank using water from a
water stream (via nozzle) or an in-tank mechanical vehicle. Waste mobilization is
attempted to move waste closer to the intake of the transfer system.

. Transfer Waste Out of Tank - Waste is captured and transferred out of the tank via a
pump. Many types of pumps are available for this function and range from an auger to a
vacuum system. These pumps may be operated in batch or continuous modes.

. Transport Waste From Top of Tank to Receiver Tank System - Transport of waste
from the SST to the receiver tank system can be accomplished by the in-tank pump
providing all motive force, or a separate ex-tank booster pump. These pumps may be
operated in batch or continuous modes.

" Minimize Waste Volume - Waste volume is minimized by using less water for all
functions. Less water equates to more efficient use of DST space and places less demand
on evaporator and waste transfer facilities.

4.1.2 Additional Available Waste Retrieval
Technologies

The waste retrieval technologies that are currently available at the Hanford Site and could be
scheduled for deployment in SST C-l06 include:

. Modified Sluicing - Consists of sluicing system (water supply, nozzles, and controls); a
centralized pump; and a transfer system. Modified sluicing has been or is currently being
deployed on salteake tanks (SSTs S-102 and S-112) and sludge tanks (used in SST C-106
and being deployed in SSTs C-103 and C-105).

. Vacuum Retrieval System (VRS) - Consists of an articulated vacuum mast, batch
vacuum vessel, control system, and a transfer system. VRSs are or will be deployed at
C-200, U-200, B-200, and T-200 series tanks.

" Mobile Retrieval System (MRS) - The MRS is a combination of the VRS and an
in-tank vehicle (ITV). The system is currently slated for deployment on SSTs T-I 10,
T- 11, C-101, C-I 10, and C-111. The MRS is typically identified as the waste retrieval
technology for leaking I 00-series tanks.

* Chemical Addition - The chemical addition system consists of adding chemicals to
dissolve and loosen up waste. The chemical addition system was recently deployed on
SST C-106.

Table 4-1 shows the available retrieval technologies and describes how well the technologies
perform the basic retrieval functions including:

. Dissolving waste . Transferring waste out of tank

. Breaking up agglomerated waste . Minimizing waste volume.
* Mobilizing/moving waste in the tank
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Table 4-1. Comparison of Technologies and Functions.
Retrieval Functions

technology Dissolve waste Breakup waste Mobilize/move waste in Transport waste Transport to
systems Dissolve tank out of tank receiver tank Minimize waste

Modified Via water addition Via water nozzles. Not Via directed water spray Via in-tank pump. Via in-tank pump. Waste minimized by using
Sluicing - through spray all waste will breakup from nozzles. Not all Waste particles No booster pump is as little water as possible
Saltcake Tank nozzles or pump via water agitation. waste can be directed to must be small required. and optimizing conditions

drop-leg. Waste the pump intake via water enough to pass such as raw water
dissolution also spray, through pump temperature.
occurs during soak intake screen.
periods.

Modified N/A Via water nozzles. Not Via water nozzles. Not all Via in-tank pump. Via in-tank pump. No Waste minimized by using
Sluicing - all waste will breakup waste can be directed to Waste particles booster pump is as little water as possible.
Sludge Tank via water agitation. the pump intake via water must be small required. Could be accomplished

spray, enough to pass through recirculation of
through pump supernatant.
intake screen.

Vacuum N/A Waste within vacuum Waste within vacuum Waste is removed Ex-tank vacuum Waste minimized by using
Retrieval wand operating radius wand operating radius is from the tank via vessel and booster as little water as possible.

broken up via vacuum moved/mobilized via the the vacuum wand pump. Could be accomplished
wand and scarifying vacuum mast suction and suction. through recirculation of
nozzles. physical manipulation supernatant.

with the vacuum wand.
Mobile N/A Waste within vacuum Vacuum wand and Waste is removed Ex-tank vacuum Waste minimized by using
Retrieval wand operating radius scarifying nozzles in from the tank via vessel and booster as little water as possible.

broken up via vacuum radius of influence, ITV in the vacuum wand pump. Could be accomplished
wand and scarifying all floor areas. suction. through recirculation of
nozzles. Waste located supernatant.
on the floor of the tank
can be broken up via
the ITV blade or tracks
or water cannon.

Chemical Via chemical Dissolves waste and N/A. Must be combined N/A. Must be N/A. Must be Waste minimized by using
Addition addition and potentially softens with other waste transport combined with combined with other as little chemical addition as

soaking. solids. technology. other waste waste transport possible.
transport technology.
technology.

Notes:
ITV - in-tank vehicle.
N/A = not applicable.
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4.1.3 Development of Retrieval Alternatives using
Additional Available Technologies

A range of alternatives has been identified to support a comparison of the ability of the
technologies to meet performance criteria (e.g., dissolve and breakup waste, mobilize and
transfer waste). Alternatives have been identified by combining retrieval technologies as
necessary to satisfy all the functions of retrieval. In this section, alternatives are described and
costs, schedules, and deployment requirements are identified.

Each of the four alternatives for deployment of additional retrieval technologies discussed in this
section pose technical challenges and risks that may inhibit their capability to attain the
HFFACO retrieval criteria. Among the areas of technical uncertainty are:

" The MRS and VRS have yet to be demonstrated in Hanford Site SSTs. Retrieval
demonstration projects are planned to establish the technical limits for each of these
technologies. However, until the demonstrations are complete on comparable tanks
(i.e., 100-series tanks) and tank waste (i.e., residual sludge) assurance that either
technology could retrieve waste to the HFFACO retrieval criteria remains uncertain.

" Three of the technologies involve deployment of modified sluicing using existing or new
equipment (e.g., pumps) under new configurations of risers. The 2003 retrieval campaign
involved several mid-campaign optimizations (e.g., reconfiguration of nozzles) of
equipment and/or operations that enhanced retrieval effectiveness but failed to complete
retrieval of waste to the UFFACO retrieval goal. Further optimizations incorporated into
the evaluated alternatives may result in additional waste retrieval; however, the quantity
of waste that could be retrieved under the alternatives is uncertain.

While it is the overall goal to define systems that will remove as much of the residuals as
possible, the alternatives described below are discussed in the context of a common "minimum
volume goal" end state of 200 f3 (i.e., removal of 160 ft3). At the 95% UCL of residual waste
remaining in a tank, 467 fl3 of solids are present in the tank and the alternative retrieval
technology selected must retrieve an additional 107 ft3 of waste from the tank to reach the 360 ft
residual waste volume requirement. To ensure the residual waste volume in the tank is less than
or equal to the 360 ft 3 requirement, the removal volume goal was conservatively set at 160 ft3

based on the volume estimation uncertainty associated with the residual waste volume
determination and the additional uncertainties associated with the waste retrieval technology
performance. Each of the alternatives potentially could attain the minimum volume goal and
more; however, there are differences in costs, schedule, water usage, and impacts to the DSTs
and the evaporator, as well as case of implementation and technical risk. These differences are
compared in Section 4.2 and evaluated to these criteria.

It is assumed that the appropriate assessments (e.g., criticality, waste compatibility, infrastructure
impacts, and sequence impacts) would be performed for each alternative prior to design and
implementation of a given alternative. These assessments are not part of this discussion.

The cost estimate and water usage for each alternative are documented in Appendix C and
Appendix D, respectively.
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4.1.3.1 Alternative A - Raw Water Modified Sluicing (Current Equipment). For
Alternative A, the current SST C-106 modified sluicing system would be restarted and operated
to remove tank waste until the minimum goal is satisfied. It is anticipated that the volume of raw
water required to attain the minimum volume goal is 1,870,000 gal (Appendix D). Restarting the
SST C-106 modified sluicing system would include the following steps:

* Complete C-200 series tank waste retrievals. Equipment and resources required to
retrieve additional waste from SST C-106 are not available until completion or
interruption of C-200 series tank waste retrievals.

* Re-connect the hose-in-hose transfer line (IHITL) from SST C-200 series tanks to the
SST C-106 system.

* Re-install and/or reconnect any SST C-106 equipment that has been decommissioned.

* Operate sluicers and pump until minimum volume goal or lower has been achieved.

. Evaluate volume remaining.

* Collect samples and characterize.

" Decommission equipment.

The use of oxalic acid or a substitute chemical such as nitric acid or a chemical solution such as
oxalic acid and nitric acid combined is not expected to be more effective than sluicing. Oxalic
acid was added in six separate batches during the retrieval in 2003. Diminishing returns were
achieved with the last two acid batches. In the last batch, the pH1 after 8 days was about 0.79,
and the reading did not increase over the last 4 days. Fully depleted oxalic acid is expected to
reach a pH of 1.5. The lower pH indicates that all of the reactive solids had reacted. These
results confirm laboratory testing that showed that about 30% of the solids would not dissolve in
oxalic acid. Because the solids in the tank have been exposed to multiple batches of oxalic acid,
additional dissolution of the solids would be minimal.

Use of an alternative acid or mixture of acids is not expected to be effective based on the
laboratory work (RPP-17158). The laboratory tests at the Savannah River Site and Hanford Site
showed the oxalic acid was generally as effective as any other acid for dissolving the sludges in
the storage tanks. The use of nitric acid was only slightly more effective than oxalic acid for
these sludges. Nitric acid was rejected for use because of the marginal dissolution improvement
and the measurable oxidation of tank surfaces. At this time nitric acid is not considered suitable
for tank waste retrieval.

Even if oxalic acid is used and dissolved 5% to 10% of the tank solids (between 150 and
300 gal), sluicing would need to be deployed to remove the remaining amount of solids.
Additionally, sodium hydroxide would need to be added to DST AN-106 to neutralize the
addition of oxalic acid. The combination of the oxalic acid solution (about 30,000 gal), sluicing
water, and sodium hydroxide is expected to be equivalent to or greater than the volume of water
if only sluicing is used (Alternative A). Finally, when neutralized in DST AN-106, the oxalic
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acid precipitates as sodium oxalate solids. Thus, the volume of solids in the DSTs would
increase. For these reasons, chemical addition/modified sluicing is not evaluated further.

The estimated implementation cost for Alternative A is approximately $1.9 million and adding
$3.7 million in evaporator costs results in a total retrieval and storage cost of $5.7 million
(Appendix C). Due to the high volume of water required for this alternative, the anticipated
duration of retrieval from start to finish is approximately 12 months.

4.1.3.2 Alternative B - New Modified Sluicing with New Slurry Pump. Alternative B
consists of the design, procurement, construction, startup, and operation of an entirely new
modified sluicing system specifically designed for the sludge residuals in SST C-106. This
alternative would support the use of recycled DST supernatant as the sluicing medium
minimizing total liquid volumes. However, use of DST supernatant could introduce new waste
to the tank and thus may require flushing with raw water in later stages of the retrieval campaign.
The system would include new pumps and sluice nozzles installed in new risers designed to take
the residual volume from current levels to below the minimum volume goal. The new slurry
pump may be a progressive cavity, or other type capable of pumping solids. The existing
transfer route to the AN tank farm would be used once the C-200 series tank waste retrievals are
completed. It is anticipated that the volume of additional raw water required to attain the
minimum volume goal is 90,000 gal. Implementing the Alternative B system would include the
following steps:

* Complete C-200 series tank waste retrievals. Equipment and resources required to
retrieve additional waste from SST C-106 are not available until completion or
interruption of C-200 series tank waste retrievals.

" Re-connect the HIHTL from C-200 series tanks to SST C-106 system.

* Replace existing pump with new pump (assume progressive cavity with "fluidizer head").

* Construct two new risers and install two new sluicer nozzles.

. Re-install and/or reconnect any SST C-106 equipment that has been decommissioned.

* Operate system until minimum volume goal or lower has been achieved.

* Evaluate volume remaining.

" Collect samples and characterize.

" Decommission equipment.

The estimated implementation cost for Alternative B is approximately $5.7 million and adding
$180,000 in evaporator costs results in a total retrieval and storage cost of $5.88 million. The
anticipated schedule duration from start to finish is 12 months.

4.1.3.3 Alternative C - Modified Sluicing Followed by New Vacuum Retrieval System.
Alternative C is based on the use of modified sluicing to cleanup the tank bottom and remove as
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much as is possible in a short period of time (with minimal water). Two new risers would then
be installed near or above the areas where waste solids and fines are located. Vacuum system
masts would be installed in the new risers to retrieve as much of the waste solids and fines that
would fall within the approximately 20-ft vacuum mast radius. This would be a batch process
where waste would be vacuumed into the batch vessel followed by water addition and slurry of
the waste to the AN tank farm via the existing SST C-106 HIHTL.

The work consists of the design, procurement, construction, startup, and operation of the existing
modified sluicing system and an entirely new VRS specifically designed for the sludge residuals
in SST C-I 06. The current VRS design for B-200 series tanks would be used as a starting point.
The Alternative C system would be operated to remove tank waste until the minimum volume
goal or lower is attained. It is anticipated that the volume of additional raw water required to
attain the minimum volume goal is 225,000 gal. Implementing the Alternative C system would
include the following steps:

. Complete C-200 series tank waste retrievals. Equipment and resources required to
retrieve additional waste from SST C-106 are not available until completion or
interruption of C-200 series tank waste retrievals.

. Re-connect the HIIITL from the C-200 series tanks to the SST C-106 system.

. Re-install and/or reconnect any SST C-106 equipment that has been decommissioned.

" Operate the modified sluicing system to cleanup the tank bottom.

. Install two new risers above or near the waste solids and fines (accounting for the
vacuum mast 20 ft radius).

. Install two vacuum masts.

. Operate the VRS until minimum volume goal or lower has been achieved.

" Evaluate volume remaining.

* Collect samples and characterize.

. Decommission equipment.

The estimated implementation cost for Alternative C is approximately $10.2 million and an
additional $450,000 in evaporator costs, resulting in a total retrieval and storage cost of
$10.6 million. The anticipated duration for retrieval from start to finish is 16 months.

4.1.3.4 Alternative D - Mobile Retrieval System. The MRS consists of a VRS in combination
with an ITV. Alternative D consists of the design, procurement, construction, startup, and
operation of a new MRS specifically designed for the sludge residuals in SST C-106. The
existing transfer route to the AN tank farm would be used once the C-200 series tank retrievals
are completed. The MRS would be operated to remove tank waste until the minimum goal or
lower is satisfied. The MRS generates water from the vacuum system and requires significant
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water to transfer wastes to the AN tank farm. It is anticipated that the volume of additional raw
water required to attain the minimum volume goal is 175,000 gal. Retrieving SST C-106 with
the MRS would include the following steps:

" Complete C-200 series tank waste retrievals. Equipment and resources required to
retrieve additional waste from SST C-106 are not available until completion or
interruption of C-200 series tank waste retrievals.

. Re-connect the IIIHTL from C-200 series tanks to the SST C-106 system.

* Install new ITV riser.

. Install the new ITV.

. Remove the Gorman-Rupp3 pump from riser 13.

" Install vacuum system.

* Operate MRS until minimum volume goal or lower has been achieved.

. Evaluate volume remaining.

. Collect samples and characterize.

" Decommission equipment.

The estimated implementation cost for Alternative D is approximately $13.1 million and an
additional $350,000 in evaporator costs resulting in a total retrieval and storage cost of
$13.5 million. The anticipated duration of retrieval from start to finish is 18 months.

4.2 COMPARATIVE EVALUATION OF
AVAILABLE RETRIEVAL ALTERNATIVES

The four alternatives identified in Section 4.1.3 were comparatively evaluated using three
methods. The first method compared how well the waste retrieval alternatives satisfied the
retrieval functions identified in Section 4.1.1. The functions compared included: dissolving,
breaking up, mobilizing, transferring, and minimizing waste. Table 4-2 presents the results of
this comparison.

The second method used to compare the alternatives was a comparison of the costs (retrieval
implementation as well as evaporator costs for supporting efficient DST storage of the retrieved
waste), schedules (start to finish for the retrieval function only), impacts on near-term DST

3 Gorman-Rupp Company, Mansfield, Ohio.
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storage (storage required to support retrieval and prior to evaporation), and the estimated total
cost per cubic foot of waste retrieved to meet a minimum target level of waste retrieval that
would ensure attaining the HFFACO retrieval criteria, given measurement and retrieval
technology performance uncertainties. For this evaluation, comparable information was
presented for the 2003 retrieval campaign. Table 4-3 summarizes the results of this comparison.
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Table 4-2. Comparison of Retrieval Alternatives vs. Basic Retrieval Functions. (2 sheets)
Functions

Alt. Retrieval alternatives Dissolve Mobilize/move waste In Transport Transport waste Minimize waste
waste Breakup waste tank waste out o to receiver tanktank

A Raw Water Modified N/A Not very efficient at Not very efficient at moving Satisfactory as Satisfactory. Not very effective
Sluicing breaking up waste in SST C-106 due to long as waste due to the high
(Current Equipment) remaining location of sluice nozzle can be moved volume of required

agglomerated wastes with respect to solids to the intake of raw water to meet
in SST C-106. residuals. Also, "320" the pump. objectives. (1,870,000

sluicer flow rate makes gal)
solids movement difficult
due to rapid rise of liquid
level in tank (high flow
rate).

B New Modified N/A More effective at More effective at moving Satisfactory as Satisfactory. Best of all
Sluicing with New breaking up waste waste due to the proximity long as waste alternatives at
Slurry Pump due to the proximity of the new risen and can be moved minimizing waste.

of the new risers and sluicers to the remaining to the intake of Minimal raw water
sluicers to the waste areas. the pump. usage due to use of
remaining waste recirculated
areas. supernatant May

require addition of
raw water to remove
supernatant.
(90,000 gal)

C Modified Sluicing N/A More effective at Very effective at moving Satisfactory. Satisfactory, Moderately effective,
Followed by New breaking up waste waste within the working however water however high
Vacuum Retrieval due to the location area of vacuum mast. Not must be added in volumes of water are
System of the new risers and effective at moving waste the batch vessel to needed to slurry the

vacuum masts outside this radius. adjust the slurry waste to the DST
directly over the for pumping to system. (225,000 gal)
waste areas. the DST system.
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Table 4-2. Comparison of Retrieval Alternatives vs. Basic Retrieval Functions. (2 sheets)
Functions

Alt. Retrieval alternatives Dissolve B k Mobilize/move waste In Transport Transport waste Minimize wastepwaste tank out of to receiver tankwastetanktank

D Mobile Retrieval N/A Most effective at Very effective at moving Satisfactory. Satisfactory, Moderately effective,
System breaking up waste waste in all parts of the however water however high

due to the tank. must be added in volumes of water are
combination of the the batch vessel to needed to slurry the
tracked vehicle with adjust the slurry waste to the DST
a blade and the for pumping to system (175,000 gal)
vacuum mast and the DST system.

I__ I scarifying nozzles.

Notes:
DST - double-shell tank.
N/A = not applicable,
SST = single-shell tank.

Table 4-3. Summary Comparison of Single-Shell Tank C-106 Retrieval Alternatives. (2 sheets)

Increase In RPP retrieval Actual or Cost per unit Near-term Duration
Retrieval alternatives Retrieval evaporator and storage estimated volume volume removed DST storage start to finishsystem cost costs life-cycle costs of waste removed (retrieval and

(ft)b storage) (S/ft) impact (gal) (months)

2003 Liquid Punping/ S21,419,600 $1,000,000 $22,419,600 4,340 55,170 500,000 9
Modified Sluicing and
Acid Dissolution

A - Raw Water $1,925,950 $3,740,000 $5,665,950 160 $35,412 1,870,000 12
Modified Sluicing
(Current Equipment)

B - New Modified $5,668,735 5180,000 S5,848,735 160 $36,555 90,000 12
Sluicing with New
Slurry Pump
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Table 4-3. Summary Comparison of Single-Shell Tank C-106 Retrieval Alternatives. (2 sheets)

Increase In RPP retrieval Actual or Cost per unit Near-term Duration
Retrieval alternatives Retrieval evaporator and storage estimated volume volume removed DST storage start to finishsystem cost e ortor and st s of waste removed (retrieval and soage sa tonhcosts' life-cycle costs (ftei storage) (SIft) ImpaCt (gal) t  (months)

C - Modified Sluicing $10,171,593 $450,000 $10,621,593 160 $66,385 225,000 16
Followed by New
Vacuum Retrieval
System

D - Mobile Retrieval $13,131,774 $350,000 $13,481,774 160 $84,261 175,000 18
System I I I I
Notes:

* Based on DOE/ORP-1 1242, system plan projects processing 28 million gal (FY 2004-FY 201
$51/28 gal = ~S2.00'gal.
b For the additional retrieval alternatives waste removal was assumed at 160 ft.
'DST storage required during and following retrieval and prior to evaporation.

1) and baseline for same period assigns SSI million for evaporator operations.

DST - double-shell tank.
RPP = River Protection Project.

DOEJORP-1 1242,2003, River Protection P)ject System Plan, Rev. 2, U.S. Department of Energy, Office of River Protection, Richland, Washington.
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The final method used to compare the alternatives was a value engineering process which is
summarized below with supporting information presented in Appendix F.

" Cost - Costs include the up-front design, procurement, construction, and operation costs
as well as the costs from additional volume to the evaporator. The costs are summarized
in Table 4-3 and provided in detail in Appendix C. The costs ranged from $5.7 million
for Alternative A to $13.5 million for Alternative D. The cost is a conservative estimate
of the potential costs associated with each alternative. Costs not included in the estimate
include costs associated with decontamination and decommissioning and/or disposal of
equipment used under each alternative and the cost of treatment and disposal of the
retrieved waste.

" Schedule - Figure 4-1 shows the schedules for each alternative. Alternatives A and B
could be completed in the shortest amount of time, 12 months. Alternative D would
require the most time due to the complexity of installing new risers and the ITV. This is
approximately the same time frame for the SSTs T-1 10 and T-1 11 waste retrievals (MRS
deployments). The first deployment of MRS will go through more rigorous readiness and
startup activities which will take more time.

Figure 4-1. Single-Shell Tank 241-C-106 Retrieval Alternative Schedule Comparison.

Retrieval TitleQUARTERS FROM START OF PROJECT
alternative 2 3 4 5 6

A Raw Water Modified Sluicing (Current
A Equipment)

B New Modified Sluicing with New Slurry

C Moifc slucing follwed by New
C Vacuum Retrieval System

' D Mobile Retrieval System

Note: Schedule duration is for retrieval activities. Characterization and assessment durations not included.

* Cost Per Cubic Foot of Waste Volume Removed During Retrieval by Alternative -
Table 4-3 presents the RPP retrieval and storage total costs by alternative presented as
well as the targeted volume of waste removal estimated for the additional retrieval
technology alternatives. The table also presents comparable data for the 2003 retrieval
campaign, including the costs and volume of waste removed associated with liquid
pumping and deployment of modified sluicing and acid dissolution. Based on the data in
Table 4-3, Figure 4-2 illustrates the comparison of the cost per cubic foot of waste
removed for the alternatives evaluated in this document as well as the 2003 retrieval
campaign. The 2003 retrieval campaign costs approximately $5,170/ft of waste
retrieved from SST C-106. The cost per cubic foot of waste retrieved for the four
additional evaluated alternatives would range from $35,000/ft3 to $84,000/ft. These
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costs per unit of waste removed are a factor of 100 to 280 times greater than experienced
for the 2003 retrieval campaign.

Figure 4-2. Comparison of the Cost per Cubic Foot of Waste Retrieval between the 2003
Retrieval Campaign and the Additional Retrieval Technology Alternatives.

$90,000

$80,000

$70,000

$60, 000

$50,000

0

$40,000

$30,000

$66,385

$36,555

$20,000 t

$10,000

$0
2003 Retreval Raw Water Modified New Modified Sluicing

Campaign-Liquid Sluicing (Current with New Slurry Pump
Pumping Followed by Equipment)
Modified Sluicing with

Acid Dissolution

Additional Alternatives

Modified Sluicing
Followed by New

Vacuum Retrieval
System

In addition to comparing the alternatives to satisfy identified retrieval functions and the relative
costs and schedule to implement, a relative comparison of the alternatives was completed using
value engineering tools including paired comparison analysis and a rated criteria analysis
(Appendix F). For the purpose of the comparisons, the four alternatives identified above and a
no-action alternative were considered. The no-action alternative assumed no further waste
retrieval activities were initiated for SST C-106.

Paired comparison analysis is particularly beneficial in establishing priorities when there are
conflicting demands (e.g., cost versus schedule) on limited resources. The paired comparison
analysis aided in establishing the relative importance of the following evaluation criteria:

Cost of the Alternative. This criterion includes all life-cycle facets of the alternative.
A higher value means the total cost for installing, operating, and demobilizing the
particular technology is less than other technologies that are being considered. A higher
value also means that the total estimated cost contains a higher level of confidence for
completing within the indicated estimate at completion.
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. Schedule for the Alternative. This criterion includes all life-cycle facets of the
alternative. A higher value means the total duration for installing, operating, and
demobilizing the particular technology is shorter than other technologies that are being
considered and that the schedule contains a higher level of confidence for achieving the
scheduled end date.

. Risk to Workers for the Alternative. This criterion includes ALARA considerations
for both industrial (structural, chemical, electrical, etc.) and radiological safety and
health. A higher value means lower risk to the worker for implementing that particular
technology.

. Ease of Implementation for the Alternative. This criterion refers to the level of
difficulty that each alternative may include when installing, operating, and demobilizing
equipment, instruments, etc. It also includes the level of project and technical risk
associated with implementation. A higher value means comparatively less difficulty for
implementing and less risk for that particular alternative.

. The Risks to the Public or Non-Occupational Personnel for the Alternative. Usually
this criterion includes near-term or long-term releases to the air or surrounding soils that
account for the potential risk to the environment. A higher value means comparatively
lower risk to the public for that particular alternative.

" Impacts of each Alternative to the RPP Mission. This criterion assesses the potential
for each alternative to divert or delay other activities or programs that would otherwise be
completed. A higher value means comparatively lower impacts for that particular
alternative.

Appendix F contains the results of the paired comparison analysis.

The comparison established that of the above listed six criteria, minimizing risk to workers and
risk to human health and the environment were the dominant criteria (53 and 28, respectively,
out of a total potential base score of 100). The remaining four criteria were scored between 2
and 7 out of a total potential base score of 100. Using the weighed evaluation criteria, the
subject matter experts then used an independent scoring process to complete a rated criteria
analysis (based on the Kepner-Tregoe method described in the New Rational Manager) of the
four retrieval alternatives and a no-action case. Each alternative was ranked on a scale of I to 10
for each of the six criteria (10 representing the highest score and I the lowest). The basis for the
assignment of the ranked score for each alternative by each criterion is provided in Appendix F.
After each alternative was ranked against each of the criteria the rank score was then multiplied
by the weighing assigned to the criteria under the paired comparison and the scores were tallied
to derive a relative ranking of the alternatives. The ranking and weighing is only directly
pertinent to decisions on SST C-106 waste retrieval.

Figure 4-3 represents the results of the two-step analysis. The analysis determined that the
highest ranked alternative based on the six evaluation criteria would be to take no further action
for SST C-1 06 waste retrieval. This result was largely driven by the relatively higher risk to
workers of all of the other alternatives compared to no action and the relatively minimal levels of
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human health and environmental risk reduction for Alternatives A through D compared to no
action. To test the sensitivity of the analysis to a change in the relative weighting of the
dominant criteria (worker risk and human health and environmental risk) the weighting of these
criteria were reversed (53 for human health and environment and 28 for worker risk). Figure 4-4
illustrates the overall relative ranking of the alternatives remained unchanged. Taking no further
action remained the highest ranked alternative. However, Alternative D replaced Alternative A
as the second ranked alternative. Other than changing the comparative ranking of the IOur
retrieval alternatives the other major difference between the results documented in Figures 4-3
and 4-4 were that differences in total scopes between all of the retrieval alternatives was
significantly diminished.

Figure 4-3. Relative Comparison of Single-Shell Tank C-106 Additional Retrieval Alternatives.
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Figure 4-4. Sensitively Case Results for the Comparison of Single-Shell Tank C-106 Retrieval
Alternatives.
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-The total score for each alternative reflects a corposite of the comparative ranking and weighted scoring of the six
criteria. A higher score reflects a comparatively better ranking against the criteria and provides a relative understanding
of the alternatives conrared to each other.

4.3 POTENTIAL FUTURE RETRIEVAL
TECHNOLOGIES

This section describes waste retrieval technologies that are not currently available for
deployment in the Hanford Site tank farms. The technologies discussed in this section were
identified, in part, based on their assumed potential to remove some or all of the residual waste in
SST C-106. Removal of all waste or a significant portion of the waste may require deployment
of multiple technologies. The technologies discussed below are at varying stages of technology
development with some requiring substantial investment in research and development while
others have been deployed elsewhere and would need to be adapted for deployment at the
Hanford Site. None of the technologies discussed in this section are currently planned for
deployment in support of tank waste retrieval. If one of the technologies were identified for
potential use in support of waste retrieval at SST C-106 or any other tank, the schedule for the
initial deployment would range from 3 to 5 years depending on the maturity of the technology.
Activities that would need to be completed would include engineering, procurement, testing, and
construction.
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4.3.1 AEA Technology Power FluidicsT"

CH2M HILL Hanford Group, Inc. (CH2M HILL) and its predecessor Tank Farm Contractors
have been working with AEA Technology Engineering Services (AEAT) over the last several
years to evaluate the power fluidic concept for sampling, mixing and pumping tank waste at the
Hanford Site. A technology search and evaluation of potential technologies applicable for
retrieval of saltcake waste from the Hanford Site SSTs recommended the fluidic mixing and
pumping systems, such as developed by AEAT, be considered to demonstrate dissolution
retrieval of saltcake waste. It was noted in this evaluation that the fluidic mixing/pumping
technology is not only capable of supporting recovery of soluble salt wastes, but is also suited for
mobilization and retrieval of insoluble solids (e.g., sludge waste).

Subsequently an evaluation was carried out of the fluidic mixing and pumping for application in
the Hanford Site SST Retrieval Program. This evaluation recognized that the AEAT Power
Fluidics' system had potential application in the retrieval of both soluble and insoluble SST
waste. It recommended a deployment configuration in SST S-102 consisting of two pulse-jet
mixers and three reverse flow diverter pumps. The configuration was based on a desired
constant pumping recovery rate, limited riser availability, riser sizes and location, minimization
of unmixed zones/areas, liquid waste minimization, and potential capability to reach the tank
closure cleanliness goal of less than 360 ft 3 of residual waste. The technical investigation and
evaluation recommended that the system should be mocked up full scale and tested to determine
the effective range and cleaning capabilities prior to construction activities at the tank farm. It
identified that there was considerable uncertainty whether the system could achieve the
cleanliness goal. When the schedule for SST S-102 retrieval was accelerated, it was obvious that
the AEAT Power Fluidics system was not yet mature enough to be pursued for field deployment
to support the FY 2004 retrieval schedule. The DOE-HQ Office of Science and Technology
EM-50, now Cleanup Technologies (EM-21) continued to fund the development and testing of
the full scale mockup. In FY 2003, AEAT completed the third phase of development of the
AEAT fluidic mixing system for SST waste retrieval. In response to the C12M HILL's scope of
work for design, fabrication and cold testing of a prototype AEAT full scale SST fluidic retrieval
system, AEAT designed, fabricated and delivered a full-size prototype retrieval system for
testing. That testing was carried out by an AEAT team at the Hanford Site Cold Test Facility in
October and November 2003. The tests on the full-size prototype system demonstrated operation
of the Power Fluidics for breaking up/dissolving/mobilizing a salteake stimulant and mobilizing
and pumping sludge. The central module was deployed through a 36-in. diameter simulated riser
at the Cold Test Facility, and the outboard nozzles capable of full pan and tilt were deployed
through simulated 4-in. diameter risers.

The AEAT test report provides an overview of the fluidic equipment, the test simulants, test
program, test results, and conclusions and recommendations. The concept and operation of a
charge vessel system with multiple wash nozzles was clearly demonstrated. However, the test

4 Power Fluidics is a trademark of AEA Technology Engineering Services, Pittsburgh, Pennsylvania.
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objectives were not fully demonstrated: (1) the minimum reverse flow diverter (i.e., pump)
intake distance from the floor was not determined and (2) the minimum effective cleaning radius
(where sludge or solids could no longer be mobilized) was not determined. It was not fully
demonstrated that the system was able to effectively mobilize and transfer solids (salt or sludge).
Additional testing would be needed to determine the minimum residual volume of a particular
kind of waste that could be expected to remain ("limits of technology"). The technical approach
for getting waste moved to the vicinity of the pump was with the three out-board sluicing
nozzles, similar to the two nozzle approach employed in the latter stages of SST C-106 retrieval.
Outside of the tank equipment was not configured for field deployment. Any further testing
would need to be done with the final configuration intended for deployment in the tank farms.

Another application of this technology in conjunction with sludge retrieval would be to operate
the unit as a sludge mixer to suspend solids. The waste would then be retrieved by pumping
using the same equipment operating in the mode of the unit as tested at the Cold Test Facility
when pumping sludge. Alternately, the mixer could be used in conjunction with a retrieval
pump, such as used in SST C-106, or as used at Oak Ridge in the Bethel Valley Evaporator
Service Tanks or in the testing done with the Russian pulsating mixer pump described below.

AEAT also provided fluidic pulse jet mixers for use in the five 50,000-gal Bethel Valley
Evaporator Service Tanks. They also provided a unit for use in a 55,000-gal horizontal tank at
Oak Ridge with a capital cost reported at $550K (DOE/EM-0622, Innovative Technology
Summary Report Russian Pulsating Miter Pump).

4.3.2 Russian Pulsatile Mixer Pumps/Fluidic Retrieval
Systems

CH2M HILL worked with the Russian Integrated Mining and Chemical Combine organization at
Zheleznogorsk in conjunction with the American Russian Environmental Services Inc., over the
last several years to evaluate their fluidic concept for mixing and pumping tank waste at the
Hanford Site. The system is generally similar to the AEAT system, but has design details
different for the pump mechanism and nozzles. While the AEAT has no moving parts in the
pump, the Russian unit employs a simple check valve mechanism. Both systems use two distinct
cycles, fill and discharge, to perform mixing action. More detailed technical descriptions of the
Russian pulsatile mixer pump, the testing program which also involved Battelle Pacific
Northwest Division, and initial results of the deployment in one of the Gunite and Associated
Tanks at Oak Ridge National Laboratory to mobilize settled solids are provided in Russian
Pulsating Mixer Pump Deployment in the Gunite and Associated Tanks at ORNL
(1-latchell et al. 2001). The design and fabrication of the pulsatile mixer pump occurred in a
Russian facility that does not work to U.S. standards, so full compliance with U.S. standards was
not achieved. The alliance with American Russian Environmental Services Inc., is intended to
allow fabrication in the United States to U.S. standards in the future. The pump was capable of
being deployed through a 22.5-in, diameter opening.

The Russian pulsating mixer pump, a reciprocating, air-operated mixer was deployed in
January 2001 at the Oak Ridge Site in Tank TH-4 to mobilize a 2.5-in. layer of sludge; the waste
was pumped out using an air-powered, double-diaphragm pump and left a residual heel 4 in.
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deep (1,100 gal) near the outer walls of the 20-fl diameter tank with 6.5-ft vertical sidewalls and
a 14,000 gal capacity. The cleaning radius was 6 to 8 ft. The pumping operation took place over
a 3-day period with actual operation time for the mixer pump of 25 hours. The capital cost of the
Russian pulsating mixer pump installed at Oak Ridge was $175K. There was no apparent
advantage in capital cost, installation, or pump disposal cost provided by the Russian unit
compared to Savannah River Site and Hanford Site costs. It may have a lower operating cost,
and therefore a lower long-term replacement cost. The same report stated that testing of the
Russian mixer in a larger-diameter tank needed to be done (DOE/EM-0622).

A third generation pulsating mixer/sluicer with a dual nozzle design was developed and has been
tested with nonradioactive simulants in 2001 and 2002. A fourth generation dual nozzle
pulsating mixer/sluicer underwent cold testing has been developed for use at the Mining and
Chemical Combine nuclear facility in Zhclznogorsk, Russia, to retrieve radioactive sludge from
the bottom of their 12-m diameter by 30-m high nuclear waste tanks. The large-scale simulant
tests of the concept for retrieving tank waste at the Hanford Site have been observed in Russia by
Hanford Site staff in 2002. This unit can be deployed through a 12-in. diameter riser, and is
designed to operate with a minimum amount of liquid (15 cm is expected to be feasible)
(Gibbons et al. 2002). This year (2004), the Russians are in the process of retrieving one of their
large waste tanks using this technology. CH2M HILL has requested that DOE-HQ EM-21 fund
this technology to provide a lessons-learned report following completion of that retrieval. That
request is under consideration.

4.3.3 Small Mobile Retrieval Vehicles

Remotely Operated Vehicle Systems at Oak Ridge - In the 1996-1998 time frame the
team at Oak Ridge National Laboratory deployed a series of hydraulically powered,
remotely operated vehicles. The first two were known as Houdinis vehicles supplied by
RedZone Robotics, Inc. Improvements were targeted at two main areas: reliability and
maintainability. The main redesign focused on improving the ergonomics on the tether
management and deployment system and modifying many of the electrical and plumbing
features of the vehicle. The frame was a 4 ft by 5 ft parallelogram style frame, folding to
enable it to deploy through a 24-in. tank riser. It operated over 80 hours, over several
weeks, and took five samples. There were many hardware failures requiring repair or
replacement. It was used later in other tanks in conjunction with a wall-washing tool (the
linear scarifying end-effector), the confined sluicing end-effector, and the Modified Light
Duty Utility Arm6 (MLDUA). Many lessons learned are documented (ORNLTM-
2001/142N 1, The Gunite and Associated Tanks Remediation Project Tank Waste
Retrieval Performance and Lessons Learned and Vesco et al. 2001, Lessons Learned and

Houdini is a trademark of RedZone Robotics, Inc., Pittsburgh, Pennsylvania.

6 Modified Light Duty Utility Arm is a trademark of SPAR Aerospace, Ltd.
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Final Report for Houdini® Vehicle Remote Operations at Oak Ridge National
Laboratory).

. Scarab 1117 -Many features of these vehicles can be found in the unit currently
developed at the Hanford Site for use in SSTs. The Scarab III vehicles four rubber-
treaded wheels for traction on slick surfaces and four metal wheels for biting into thin
layers of waste. The Scarab can climb over 8-in. obstacles and has a manipulator arm to
grasp the sample collection device and maneuver it to collect the sample. The
manipulator gripper end-effector had a payload limit of 5 lb. It requires an 18-in.
diameter access. There were three on-board cameras for viewing deployment, retrieval,
and driving operations. The unit was operated a total of about 8 hours over 3 days and
retrieved nine samples from material varying in consistency from "...red clay to crusty
concrete to chocolate ice cream..."(DOE/EM-0587, Innovative Technology Summary
Report Remotely Operated Vehicle (ROV) System for Horizontal Tanks)

" TMR Associates VAC TRAX' - The VAC TRAX is a remote-operated rotating
high-pressure water jetting tool that directs ultra high-pressure water to remove material
coverings from a variety of surfaces; for example contaminated paint from concrete walls
and floors. At higher pressures the VAC TRAX is capable of light scabbling or deep
scarification of concrete surfaces. The VAC TRAX is fully encapsulated with the water
and debris vacuumed from the manifold of the VAC TRAX through a flexible vacuum
hose (TMR Associates, 2004, website: http://tmrassociates.org/vactrax.htm). This unit
was used at Rocky Flats for cleaning floors, walls, and ceilings of a heavily
plutonium-contaminated hot cell. With a different end-effector it was used for taking a
core of the concrete floor of the hot cell to determine the depth of plutonium
contamination. Numatec Hanford, working with Fluor Hanford in FY 2003, employed
TMR Associates to bring their equipment and crew to decontaminate the
222-S Laboratory as preparation for dismantling the building. The system supplies water
up to 36,000 psi through a rotating manifold containing orifices to produce a concentrated
stream. The vacuum is applied to the VAC TRAX shroud sufficient to hold the weight of
the machine. Very little volume is on the surface at any time, the unit seems to be
moving with no water visible around the limited area of the shroud (e.g., 9-in. diameter
cleaning path).

4.3.4 Tank Wall Washing at West Valley
Demonstration Project

During the early stage of waste retrieval at the West Valley Demonstration Project the retrieval
process was very efficient. As the removal of the contents moved from bulk removal to heel and

7Scarab III is a trademark of R.O.V. Technologies, Inc., Vernon, Vermont.

a VAC TRAX is a registered trademark of TMR Associates, Rutherford, New Jersey.
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residue retrieval, the number of transfers and associated time per transfer climbed steadily.
(Hamel and Damerow 2001, Completing H LV Vitrtfication at the WVDP; The Approach to
Final Retrieval, Flushing, and Characterization). Tethered robotics were evaluated, but not used
for retrieval of the waste or characterization because of the many obstructions in the tank.
Riser-mounted arms and positioning systems were developed to provide the capability to wash
residues from the tanks' internal surfaces. Oxalic acid or mixed organic acids were not used
because of concerns with the carbon steel tank integrity.

4.3.5 Dry Ice Blasting

Decontaminating surfaces using dry ice blasting is a relatively new cleaning process using solid
CO2 pellets. The pellets sublimate (convert directly from a solid blast pellet to a vapor) leaving
no residue. This is envisioned as a sand-less sandblasting approach to dislodge hard to remove
residue from the tank surfaces. The dry ice is accelerated by compressed air and requires
between 80 to 100 psi and 120 to 150 cfm (Lapointe 2004, Sand-less Sandblasting). The EPA,
on their fact sheet for alternatives to trichloroethane, identified dry ice blasting with solid pellets
as a desirable alternate for cleaning metal surfaces (EPA 2000, Technical Fact Sheetfor 1,1,1-
Trichloroethane (TCA) Hazards and Alternatives).

4.3.6 Modified Light-Duty Utility Arm at Oak Ridge

Concise reviews are available describing the MLDUA, a custom long-reach manipulator system
developed, designed, and built by SPAR Aerospace, Ltd., the same organization that provided
the long-reach manipulator system used on the NASA Space Shuttle program
(Glassell et al. 2001, System Review of the Moditted Light Duty Utility Arm after the Completion
of the Nuclear Waste Removalfrom Seven Underground Storage Tanks at Oak Ridge National
Laboratory; DOE/EM-0406, Innovative Technology Summary Report Light Duty Utility Arm).
The earlier version of the arm, the Light Duty Utility Arm (LDUA) had a horizontal reach of
13.5 fl, a vertical reach of 50 R below grade, and a payload of 50 lb. The MLDUA had the same
vertical reach, a slightly larger horizontal reach of 15 ft and, most importantly, an increased
payload of 200 lb. The LDUA was used at Idaho National Engineering and Environmental
Laboratory for gathering samples of waste heel materials in their smaller tanks. The MLDUA
was used at Oak Ridge for the cleanup of seven underground tanks, either 25 ft or 50 ft in
diameter. The MLDUA performed the following operations in support of the underground tank
waste cleanup operations:

" Grasping the sluicer to allow deployment of the hose management arm into the tanks
* Holding and maneuvering the sluicer to remove tank waste and waste material
* Tank wall radiation surveys
* Tank wall material sample collection
. Tank wall cleaning operations with high-pressure water jets
" Vertical pipe cutting operations
. Pipe plugging operations
* Support for tank wall coring operations.
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However, the MLDUA had some problems. Many lessons were learned in both manipulator
operations within the tank and manipulator design. These lessons have not been incorporated
into any subsequent versions to date.

4.4 CONCLUSIONS

The comparative evaluations of waste retrieval technologies which are currently available for
deployment in support of additional waste retrieval from SST C-106 establish that:

" All the alternatives are potentially capable of attaining additional retrieval of residual
waste remaining in the tank. However, the paired comparison analysis evaluated the
dynamics and the trade-offs between competing goals of protecting the environment,
worker safety, cost, schedule, ease of implementation and confidence in technical
success, and the impacts to DST space and other opportunity costs that would affect the
long-term mission to clean up the site. The two top priorities were worker safety and
protecting the environment and in either case the highest ranked alternative was to
conduct no further retrieval of residual waste from SST C-106.

" The schedule for deployment and completion of waste retrieval for the alternatives range
from 12 months (Alternative A) to 18 months (Alternative D). The estimated schedules
do not include durations or the schedule associated with decontamination and
decommissioning and/or disposal of equipment used under each alternative.

. The cost of the alternatives range from $5.7 to $13.5 million. Generally, those
alternatives relying on current equipment and with the least likelihood of success would
cost less with estimates ranging from $5.7 to $5.9 million. Alternatives using new
equipment and with a greater likelihood of success would cost more with estimates
ranging from $10.6 to $13.5 million. The estimated costs do not include costs associated
with decontamination and decommissioning and/or disposal of equipment used under
each alternative or the cost of treatment and disposal of retrieved waste.

. The 2003 retrieval campaign costs approximately $5,170/R3 of waste retrieved from
SST C-106. The cost per cubic foot of waste retrieved for the four additional evaluated
alternatives would range from $35,000/ft 3 to $84,00011 or a factor of 100 to 280 times
greater than experienced for the 2003 retrieval campaign.

. Deployment of a new retrieval technology resulting in a reduction in residual waste
volume from the current estimate of467 ft3 (sludge and liquids) to the HFFACO criteria
of 360 ft3 would result in a nominal reduction in the ILCR under the industrial worker
scenario from an ILCR of 2.48 x 108 to 1.97 x 10-8. The risk contribution of the residual
waste in SST C-106 to the cumulative risk of WMA C would be reduced from
approximately 2.58% of the total risk to 2.05%. Deployment of a new waste retrieval
technology that would reduce the volume of residual waste to 200 ft (a 56% reduction in
total volume) would result in an insignificant reduction in the human health risks
associated with SST C-106 residual waste or the overall human health risks associated
with WMA C (see Section 3.3).
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Significant uncertainty exits regarding the effectiveness of evolving technology discussed in
Section 4.3 to remove the residual waste to HFFACO retrieval criteria. The potential
technologies identified are at varying stages of development with some requiring substantial
investment in research and development while others have been deployed elsewhere and would
need to be adapted for deployment at the Hanford Site. None of the technologies are currently
planned for deployment in support of tank waste retrieval.

If one of the technologies were identified for potential use in support of waste retrieval at SST C-
106 or any other tank, the schedule for the initial deployment would range from 3 to 5 years
depending on the maturity of the technology (TWR-4454, Alternatives Generation and Analysis
C-104 Single-Shell Tanks Waste Feed Delivery). Activities that would need to be completed
include engineering, procurement, testing, and construction. Without further evaluation it is not
possible to estimate the cost for research and development of the potential waste retrieval
technologies or to determine if a single or combination of technologies would be required to
attain the retrieval criteria.
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TANK 241-C-106 RESIDUAL WASTE INVENTORY ESTIMATES FOR TANK
COMPONENT CLOSURE ACTION RISK ASSESSMENT

1.0 INTRODUCTION

In fiscal years 2003 and 2004, most of the waste in tank 241-C-106 was retrieved to the double-
shell tank (DST) system, leaving behind a small amount of residual liquid and sludge.
Inventories of constituents-of-concern in the residual waste are needed to support component
closure activities for the tank. The inventories were computed from residual waste
characterization data and residual liquid and sludge volume estimates. Waste characterization
requirements are identified and technical basis provided in RPP-13889, Tank 241-C-106
Component Closure Action Data Quality Objectives. Direction for sampling and laboratory
analysis to implement the data quality objectives is provided in RPP-18375, Liquid Grab
Sampling and Analysis Plan for Tank 241-C-106 Component Closure Action and RPP-18376,
Solids Grab Sampling and Analysis Plan for Tank 241-C-106 Component Closure Action.

Analytical results of liquid and sludge samples are reported in RPP-20226, Analytical Resultsfor
Liquid Grab Sampling and Analysis Plan for Tank 241-C-l16 Component Closure Action and
RPP-20264, Analytical Resultsfor Tank 241-C-l106 Solid Clamshell Samples Supporting Closure
Action, respectively. Volumes of the residual liquid and sludge in the tank are estimated in
RPP-19866. Calculation for the Post-Retrieval Vaste Volume Determination for Tank 241-C-
106. Data and information in these reports were used to compute the inventories of constituents-
of-concern in the residual liquid and sludge. Specifically, the inventories will be used in risk
assessment calculations in support of the tank component closure actions.

2.0 CALCULATION OF RESIDUAL WASTE INVENTORIES

The residual liquid and sludge waste inventories were computed by following the best-basis
inventory process as described in RPP-7625, Best Basis Inventory Process Requirements. A
review of the analytical data was conducted to evaluate suitability of the data for inventory
computation. The data review followed the internal procedure TFC-ENG-CIIEM-D-32,
"Review and Resolution of TWINS Data. At the request of Tank Closure Planning, inventories
were computed for three cases: Case I - Nominal Inventories, Case 2 - Inventories Based on the
95% Upper Confidence [evel (UCL) for Volume, and Case 3 - Overall 95% Upper Confidence
Levels. Inventories of constituents-of-concern for the three cases were computed as discussed
the following sections.

3
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2.1 CASE 1 - NOMINAL INVENTORIES

The nominal inventory for each liquid waste constituent-of-concern was computed by
multiplying the mean concentration and the nominal liquid volume (i.e., inventory =
concentration x volume). Sludge concentration data were reported on per unit weight basis:
therefore, a mean density was used to convert the units of sludge concentration data to per unit
volume basis. The nominal inventory of each sludge constituent was calculated by multiplying
the mean concentration, mean density, and nominal sludge volume (i.e., inventory =
concentration x density % volume). Table 2-1 represents the data used to compute the nominal
inventory for tank 241-C-106.

Table 2-1. Information Used In Computation of the Nominal Inventories

Wasle Concentration Data Associated Density Nominal
Phase (AhMcal) Volot ue

Supernatant Mean concentrations based on the Not needed for 11.3 fW'
2004 post-retrieval liquid inventory calculations
analytical results

Sludge Mean concentrations based on the Mean density of post- 359 ft'
2004 post-retrieval sludge retrieval sludge (1.56)
analytical results

Analytical data reported in RPP-20226 and RPP-20264 were used to calculate the mean
concentrations for the supernatant and sludge. A nested analysis of variance (ANOVA) model
was fit to the laboratory sample data following the data review. Mean concentrations were
computed using results from the ANOVA. Two variance components were estimated and used
in the computations. The variance components represent concentration differences between
laboratory samples and between analytical replicates.

The model is:

Yg= p+L4+A,

i=.2.....a; j= ,2,...,nn:

where
Yq = concentration from the j analytical result from the P'h riser,
p = the mean,
L4 = the effect of the i' laboratory sample,
AO= the analytical error,
a = the number of laboratory samples, and
ni = the number of analytical results from the ib laboratory sample.
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he variable 14 is a random effect. This variable and Aq are assumed to be uncorrelated and
normally distributed with means zero and variances &(L), and o2(A), respectively.

The restricted maximum likelihood method (REML) was used to estimate the mean
concentration and standard deviation of the mean for all constituents that had 50 percent or more
of their reported values greater than the detection limit.

Some constituents had concentrations that were below the detection limits. In these cases, the
detection limits were used for calculating the mean concentrations. For a constituent with a
majority of results below the detection limit, a simple average was calculated. Mean
concentrations and relative standard deviations for liquid and sludge constituents-of-concern are
provided in Appendix A. Note that in accordance with best-basis inventory (BBI) protocol, the
relative standard deviations for non-detected constituents are assumed to be 1.

Based on the mean concentrations and density calculated as discussed above and volume
estimates in RPP-19866, liquid and sludge inventories were determined using S-Plus and
EXCEL spreadsheets. The spreadsheets for sludge and supernatant inventories were verified
according to the internal procedure l':C-ENG-CIIEM-D-33, "Spreadsheet Verification" and
documented in spreadsheet verification forms SVF-192 and SVF-193, respectively.

The inventories were computed in accordance with the BBI creation rules documented in
RPP-7625, Best-Basis Inventory Process Requirements. with the following exceptions:

" Inventories were generated only for constituents identified in the data quality objectives
(RPP-13889). Inventories for BBI analytes that are not included in the data quality
objectives were not computed.

" Inventories of radionuclides were calculated using as-reported concentrations (All
analyses were performed in January and February 2004). That is they were not decay-
corrected to January 1. 2001.

" Theplutonium and curium isotopes were calculated from the 23924OPu, 2 tAm, and
24m Cm analytical results, using process knowledge of the isotopic distributions ratios of
tank 241-C-106.

" Thorium 228 was not analyzed because the laboratory did not have the appropriate
analytical method. Inventory of this radionuclide was estimated from radioactive decay
of ThM and 2.. tU. Based on the decay chain and radioactive half-lives of the daughter
products, "h activities due to 2 Th and "U decay are approximately equal to the
activities of these radionuclides. Thorium-232 was analyzed; 22U activity was estimated
from isotopic distribution of total uranium concentration.

" Ilexachloroethane and 1.2.4-trichlorobenzene were analyzed by both volatile organic
analysis and semi-volatile organic analysis methods. These constituents were not
detected in the waste samples. Volatile organic analysis is much more sensitive for these
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RPP-20577, REV. 0
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Table 2-2. Liquid and Sludge Inventories -Nominal Case
Coituent Inventory Unit Liquld Inventory Slude In entory

heniene Kg 2.94F.-07 8 0514-05
HeryIlum Kg 8961406 5.66)-02
Bismuth Kg 5301,-04 2.941;+00
Boron Kg 2.161;44 1.19E+4X1
Bromide Kg 1.8614Y2 4.451401
Butylbenzylpnlwalatc Kg 2.591i05 4.21 L-03
Cadmium Kg 3.07F,05 1.44h+448
Calcium KE 1.10FA4 1.18h+442
Carhondisultide Kg 3.071-A)7 1.191-44
Carbon tetrachlinde Kg 2.82F,07 1.52404
Caron-14 Ci 9621FA7 8.24r.-03
Cenum Kg 282L-04 5.71L+0W
Cerium/Piraseodymium-
144 Ci 389 .04 2.76r402
Cemum-134 C, 3.194)5 1.74R+01
Cesum-137 Ca 1.39L-01 1.45L+03
Chlonde Kg 5.63E-03 6.14h+00
Chlorobenene Kg 1.731-07 9.9614-05
Chloroform Kg 2.11 -A7 1.22-4M
Chromium Kg 2.56F-05 3.79E+00
Cobalt Kg 6.27F,05 3.76E-0I
Cobalt-A) Ci 8 24i;A-6 1.801401
Copper Kg 2.561245 2.314W0
Cresol Kg 2.94104 5.801;-02
Cunum-243/244 Ci 1.3414-A6 7.55h+")
Cyanide Kg 3.04F-05 7.82F,02
Cyclihexanrne Kg 2.41>45 3.14A)2
Dl-n-butyphthalaie K, 4481,-D5 4.21F,-03
Di-n-octylphthalale Kg 6.721-05 2.389L02
Ethyl acetate Kg 1.861-A7 1.26E-04
Ethyl ether Kg 250E-07 1.131-04
Hthylhenrcn Kg 5.121-07 2.01-04
Europium Kg 1.54r,05 6.23AI4
Futnpium-152 Ci 7.181F-5 6.27F+01
Furopium-154 Ci 2.441-05 8.13Ei+01
Europum-155 C1 5.27L-05 7.801s+01
Flooranthene Kg 6 72-O5 1.431-02
Huonde Kg 1.931403 5.42F1i
Foimate Kg 1.48P-02 3.53h+01
Glycolate Kg 1.22FA2 2.9214+01
Ilexachlorobuladiene Kg 3.841'05 5.271.03
Ilexachloroethane Kg 3.52L-07 7.57E-05
Ile'xon Kg 2.181107 1.7304
Ilydroxwe (free) Kg 2.251-.+W Not measured
kxdine-129 Ci 4.251-07 6.31F,-04
Iron Kg 2 94k-O 2.07H402
isobutanol Kg 2.1-04 2.S6E-02
I.anthanum Kg 3.201;05 2.45400
Lead Kg 3.331F04 2.574+01
Lithium Kg 1.79M-05 1.131;-01
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RPP-20699 Rev. 0

Table 2-2. Liquid and Sludge Inventories -Nomlinal Case
CooOIluent Inventor Unit Liquid Inventory SledgeInventory

Magiesium Kg 3.33104 7.1 IE+00
Manganese Kg 13II1S 5.50F402
m-Cresol Kg .9I8I-A 9.221-02
Mercury Kg 9 651A7 1.931+00
Methylenechlorikc Kg 2 88F-07 99RS-05
Mboyhkenum Kg 4481,O5 3.06E01
Morpholinc,4-nitrw - Kg 8110kO5 1.19E-02
Naphihalene Kg 3.941 AS 9.56E-03
Neodymium Kg 1.281-04 9.02b+WK
Ncptunium-237 Kg 8.44E-0 7.69F-02
Nickel Kg 7.29k-AS 3.02H.0l
Nickel-63 C 2.321-06 7.30L+01
Niobtum Kg 640-04 4.24+(X)
Niohium-94 C, 8 37E-06 I RRR+Ol
Nitrate Kg I 931A2 461 h+01
Nitrite Kg 1.74F,02 4.15R+01
Nitromenrne Kg 3.10F4S 1 00E-02
N-Niiroso-di-n-

propylaminc - Kg 8 32E-05 1.35E.02
Oxalate Kg 3.921-Fr 3.32h+02
Palladium Kg 9.851:4A 7.07E400
Pentachloroplrel Kg 7.36P-05 1.03K-02
Pieol Kg 8M64-05 4.71R-02
Phosphate Kg 303 "-2 4.15K+01
Phosphonu, Kg 1l09-.02 2.94k+Ol
Plutmnum-238 Ci 1.721-06 2.71lE+00
Pluonmum-239/240 Ci l571-A6 2.041+01
pYtaMwm Kg 4I.-4fA t.7+h.A)l
Prascodymwm Kg 1.79-4M 5.40L+U
Pyrene Kg 5.121-05 2.301-02
Pyridme Kg 4.48-S 1.441-,02
Radium-226 Ci 8.71-EAM 4 171441 2

Rhodhum Kg 3.84FAM 2.45f+.W
Rubidium Kg 7 17E-03 241E+01
Huthemum Kg 229-AM 2.411+,X0
Ruthemum/Rhodium-

106 Ci 6.3RFAM 3.37r+02
Samarium Kg 1.41E-F4 2.5ls+0M
Selenium - Kg 4.221,4M 2.94+M
Selnum-79 C I 02fE-Oe, 9.591-03
Silicon Kg 4821-03 1.60H401
Silver Kg 3.071-,5 7.85140)
Sodwium Kg 3.13E+W 1.861I+02
Sirnmium Kg 3011A)6 I.R+R40X
Siroium-8919O CI 1.41 "-2 6.6l11+4
Sulfate Kg 2-06[i02 4.92+01
Sulfide Kg 2.021A)1 1.35k-fl
Sulfur Kg 1.60F03 1.3014M
Tari alum Kg 2.691-AM 2.41I+(
Technetium-99 Ki 2.5lT.)7 9.71 -C3

8

A-8



RPP-20577, REV. 0
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Table 2-2. Liquid and Sludge Inventories -Nominal Case
Contlluent Inventory Unit Liquid Inventory Sh1dge Inventory

Tellurium Kg 5.50-M4 2.41H44 0
Tetrachlnroethene Kg 1.90,0A7 1 06A4
Thallium Kg 3 60FA 7.071i+00
thorium Kg I 41L-04 3.12E+0O
Thorium-230 Kg 2.24-,9 464H.05
'honum-232 Kg 1LEOJIA7 5o.h+(Xl
Tin Kg 8.96FAA 2.41h+(X)
Titamum Kg 7.68A)6 3.86t-01
Toluene Kg 2.751-07 9.48E-05
Trnuvim, 3-
Dichloropr pene Kg 2.05r-07 9.21-05
Trichlornethene Kg 4.4RFA7 1.62E-04
Inchloroluoromethane Kg 2.431-07 1.20E-04
Tnium C I.M1-06 I 02,-02
Tungpten Kg I.66FA)2 4.72i+(X)
Uranium Kg 480-04 2.941+00
Uranum-233 Kg 5.3L-09 1.89L-04
Uranum-234 Kg 1571-.0 1.52E-04
Uramum-235 Kg 1.86k-Aif I.79E-02
Uranum-236 Kg 2.561-OH 2.6Sli-04
Urannum-23 Kg 2.811-F 2.69h4X)
Vanadium Kg 3.33-A5 2.94F-01
Vinyl chlonde Kg 2.82-07 5.77E-05
Xylene (in & p) Kg 1.73- .06 2.281:-04
Xylene (n) Kg 2.21-A)7 7.15k-OS
Xylene (total) Kg 1.441--06 3.02E-04
Ytnum Kg 6.40F-6 1.70fl+M
7 m KR 43)1,05 2.13h+MM
Zirconium Kg 2.051A)5 2.79,+(X)
Arockr (Total PCBt) Kg 3.20F07 1.36F,-03
Curium-242 Cl 3.241-n9 1.58k-OR
Cunum-243 Ci 5.37k-Va 3.02-O1
Curium-2 44 Ci 1.29R-06 7.25,+(X)
Plulomum-239 Ci I.30kF6 1 61,411
Plutonum-240 Ci 2.771?A7 3.58h+0X
Plutormm-241 Ci 3.07M+-06 3.9+01
Thonum-228 . CI 2.26E-tn 575E-4
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RPP-20577, REV. 0

RPP-20699 Rev. 0

Table 2-3. Liquid and Sludge Inventories -95% Upper Confidence Level
for Volume Case

Conutlluent Inventory tnit Liquid Inventory Slide Invenory
Beryllium Kg 1.13E-O 7.131.02
Bwmuth Kg 6.9 1.4A4 3.71k+(X)
Bormn Kg 2.71F-04 1503.+(X)
Bmmtde Kg 2.34F-02 561h+01
Butylhenylphthalate Kg 3.261.05 5SA-.03
Cadmium Kg 3 861-05 1.82E+00
Calcium Kg 1.381-Ag 1.48H,+02
Carbdndtultide Kg 3.86 1.) 1.50FAM
Caitcmtenrachlordc Kg 3.541-07 1.91FA4
Carbon-4 Ci 1.211106 1.0411,02
Cenum Kg 3.54(-A4 7.19h+13
Cerium/Praeodymium-
144 Ci 4.91-04 3.47rs+02
Cesium-134 Ci 4 011,05 2.14+01
Cesium-137 C1 1.751.01 l.82h+03
Chiondc Kg 7.08h-03 7.74h+(X
Chlorobemenc KR 2.17E-07 1.251-04
Ch2roform Kx 265E-07 1.54f-,04
ChOmlum KI 3.22L-05 4.77i+0x
Cobaft Kg 7.80k-05 4.74-01
Cobah-6A)I 04k-05 2.27E+01
C__pper K, 3.221.05 2.91E4)0X
Cre"_ RA 3.70L.04 7.30L302
Curium-243/244 Ci 1691;-06 9.5 1 h+00
Cyarde Kg 3.82K.05 9.841;-02
Cyclohexa C KI 3.06F35 4.331-,02
Di-n-butvphthalate KR 5.63M.5 5.30F,03
Dn-n-ocylphhalale Kg 8441305 3.003442
Eilly] acetate Kg 2.331;,07 1.58104

3hyleti" Kg 314-l07 1.41'A04
I__hylhenyen Kg 6.431-4)7 2.53A3)4
Fumplum Kit 1.93E,0 5.4FAO
Furnnum-152 Ci 9.03E-.05 7.90F,+01
Europmn-154 CS 3.06k05 1.02+02
Eurmpium-155 Ci 662F-5 9.821401

Kuranthene Kg 8.44F.-A5 1.793-02
fluoride Kg 2.421-03 6.831>01
ForMate Kg 1.861'"2 4.45h+01
Oycolate Kg 1.54E,02 36713.01
Hexachorobutalene Kg 4.82F,4)5 6.64l-03
lexichloroethane Kt 4.4213-07 9.54F.05

Fexn Kg 2.731-07 2.18FAM
Flydroxide (fre) Kg 2 82K+W Not meSured
lodfne.129 Ci 5.331-07 7.951A-4
[ron Kg 3.70H--S 2.61 402
lsobutanal Kg 2.65A)4 3.601-02
Lanlhanum KS 4021-,5 3.81i+00
Lead Ki 4.18E.04 3234+01
Lithium kg 2.2505 1.43E-01
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Table 2-3. Liquid and Sludge Inventories -95% Upper Confidence Level
for Volurne Case

Co-titueut Inventory Unit Lhauldlnventory SludgeInventory
Magnetium Kg 41)410 W9614%)
Manganese Kg 1,641i.05 6.931i4)2
m-CWsol Kg 2491AM4 1.161>01
Merury Kg 1.21F)6 2.431,40
Meihylenechlolde Kg 3,621E-07 i.24E-04
Molybdenum Kg 563105 3 85-01
Morholme,4-nilrno. Kg I 011f0m I 50F,02
Naphihalene Kg 4.821-05 1.20H-02
Noodymium KR 1.61EL-04 1.14+1Ol
Neptumum-237 Kg 1.06F-A7 962>)2
Nickel Kg 917-AOS 3.8111+01
Nickel43 C1 2.91 -06 9.19i+01
Niobtum Kg 80411-4 5.341400
Niobruim-94 CI I.05-A4S 2.36+.4)
Nitrate Kg 2.42L-02 5.801;+01
Nire Kg 2.18F-02 5.22V401
Nuirolenene KR 3.901,-05 1.261.-02
N-Nitroso-d-n-

propylamine Kg 1.05r-04 1.69r-02
Oxalate Kg 4.92-L01 4.18H+02
Palladium Kg 1.24E,1F 8 91 F+M
Pentachlorophernil Kg 9.251,465 1.301;02
Phenol Kg 1.09L-04 5.94L-02
Pwmphate Kg 3801-02 5.22H+01
Phosphorus Kg 1.371,02 3.70h+01
Pjtonmum-238 Ca 1161-06 3.41 E+00
Pulonium-23Qt240 Ci 1.98E6 2.56E401
Poamium Kg 5.631A-l 2.23h+01
Praseodymium KR 2.251>4 6.80.00
Pyrne Kg 643E-05 2901-A2
Pyndme Kg 563A)5 1.8 1 A)2
Radwm-226 Ce I 09L-03 5.25E+02
Rhodium Kg 4821-04 309%400
Rubidium Kg 9.01111 3.031.4)1
Ruthenium Kg 2.87E-04 303E+00
Ruthenium/Rhodium-
106 Ci 02FAM 4.25r+02
Samamim Kg 1.77MM4 3.17h+0
Selenium Kg 5.31F-49 3.71F,+00
Selenmum-79 Ci 1.28E-06 1.21F,02
Silicon Kg 6.05L-03 2.021,.I
Silver Kg 3.861-05 9.88+14)
Sodium Kg 3.94k4%) 2.341+02
Siontium Kg 3.784X6 2.30+00
StronIium-89190 Ci 1.77h-02 8.321-.4
Sulfate Kg 2.59E-02 6.191401
Sulide Kg 25-03 1.69E-01
Sulfur Kg 2.01 F,03 1.641400
Tantalum K1 3.3941-M 1 3.031+0()
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2.3 CASE 3 - OVERALL 95% UPPER CONFIDENCE LEVEL INVENTORIES

In this case, the overall 95% UCL for inventory of each constituent was calculated based on a
statistical method described in RPP-6924, Statistical Methodsfor Estimating the Uncertainty in
the Best-Basis Inventories. This method is based on computation of the nominal inventory (see
Section 2.1) and an overall uncertainly (standard deviation) for the inventory. The standard
deviation of the nominal inventory was calculated based on uncertainties associated with the
concentration, volume, and density (for solids) measurements. Table 2-4 provides the inventory
estimates for this case.

Table 2-4. Liquid and Sludge Inventories -Overall 95% Upper Confidence Level

Constituent Inventory Unit Lkiqld Inventory Sludge Inventory
11.-Trichloroethane Kg 5.791-4)7 3.47K-04
1,1,22-letrachkorethane Kg 8.30E-07 2.54-04
1,1.2-Inchoro-1,2,2-
iinuoroetharne Kg 1.64r"6 3.89r-04
1,1.2-Tnchloroethne Kg 5.211-07 2.54L-04
t,1-DIchkietethtne Kg 4 51-fr 4D9k4A
t.2,4-tnchlornenr Kg 1.251>06 3.90R.64
l.2-Dichlrobenine Kg 1.164AM 6.47-02
1,2-Dichloroethane KR 5.21 F-07 2.51 FA)4
1.4-Dichkwohenine Kg 9.651-105 6.231*-02
1-Butanol Kg 56 0AM 6.471-A2
2,4.5-Tnchlorhmnol Kg 2.90-,4M 3 31 FA2
2,4.6-Tnchlorophenol Kg 2.8014.04 3.501:.02
2A-Dinitrloluene Kg 1.25A-tm 4.53F-02
2.6-Bis(tl-
dimethylethy).4-
methylplihenol K, g.64r-04 4.39rA2
2-Hulmnne Kg 8.16FA6 601 VAA
2-Chlorophenol Kg 2.61 FAM 6.23F,-02
2-4.thrxyethan, Kg 1.25FAM 340M-2
2-Methylphenol Kg 2.70FAX 1.22.-01
2-Nirhenol Kg 2.51L-04 7.43K.02
2-Nitropropane Kg 2.03E-06 6.07K-04
4.Chl o'-mrthylphenol Kg 309W-04 2.2MR-02
4-Nitrophenol Kg 2.99E-04 3.40E-02
Acermhthene Kg 1.544-04 7.19h.02
Aetate Kg 446F-02 1.07F.+02
Acetone Kg 3.29L-05 1.65>03
Admum-22% CI 1.11 UZAA 2.351;+02
Aluminum Kg 3.781->02 4.94h+02
Amencaum-241 C, 4.05L-06 8.26h+01
Ammonium Io by IC Kg 4.92.403 1.2811+00
Antimony Kg 6.56FA4 3.59h4M8
Antimony-125 Cl 6.25E04 1.91E402
Arseimc Kg 8.76FAM 8.71F400
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Table 2-4. Liquid and Sludge Inventories -Overall 95% Upper Confidence Level

Consfiluent Inventory Unt Liquid Inventory Sludge Inventory
Barium KR 3.47-05 2.08R4R0
Beniene Kg 8.881-A7 2.431-A)4
Berylhum Kg 2.701-A5 1.71-01
Bismuth Kg 166r,03 8 886+.0
Boron Kg 2.76FAM 3.59h+WE
Bromide Kg 5.631A2 1.34E+02
Butvthewylrphthalate Kg 7.821-05 1.27L-02
(admtum Kg 9.271A)5 2.85k+
Calcium Kg 3.32E-04 1.52E+02
Carn disulfide Kg 9 271,07 3 60F4
Cadinm tracht de Kg 9A91-,07 4.5q.-04
Carbou-14 C. 1.261-06 2.49E-02
Cerium Kg 8.491.4M 7.2814M
Cenum/Praseodymjum-
144 C 1.17F,3 8.33R+02
Cesium-134 Ci 9.62L-05 5.256+01
Cemium-l17 Ci 1.75101 1.91F+03
Chloride Kg 7.101-03 1.851+01
Chmorohenkerr Kg 5.211-,07 3 001-;-49
Chlhroform Kg 6.37-07 369P-tM
Chromium Kg 7.721-05 4.8(0J1v0
Cobah Kg 1.84FAA 5.041tAI
CohIt-6) Ci 2.49F,)5 5.44+I
Copper Kg 7.721-05 3.0X_+00
Cremol KI 8.__ _ __ 1.75F-01
Curium-243/244 CI 4t5k-tX 2 28+01
Cyarude Kg 9.17-05 I OLE-1
Cyclohexamnne Kg 7.341-C5 1.041;-OI
Di-n-butylphthalate Kg 1.35FAM 3.961-02
Vi-n-octylphlhalate Kg 2.031AM 7.19P,02
Ethyl aceiate Kg 5.60F,-7 3.79-04
Ethyl ether Kg 7.53F-07 3.42r-4
Ethylhenyene Kg 1.541-As, 6.7FIA
Europium Kg 4 63-5 1 8813+00
Europium-152 Ci 2171-,4 1.8914)2

uropium-154 C: 7.35k-OS 2.45h.+02
Europium-155 Ci 1.591.04 2.35E+02
Fluoranthene Kg 2.031A)4 4 30.2
Fluorde Kg 5.821-03 l.64k+XI
Formate Kg 4 46-2 1.07h+02
Oycolate Kg 3.69FA 2 8 1 11441
Flexachlorobutahene Kg 1.161>A4 1.59E-02
HFexachIomoethmn Kg I.06FA)6 2.29K444
Hexone Kg 6.5%h-07 5.23F4A
hydroxide (fce) Kg 2.83L+(J Not measured
lodne-129 Ci 1.28F-06 1.904.03
Iron Kg 8.884-05 2.63+4)2
Isobutanol Kg 6.37E-04 8.63H-02
Lanthanum Kg 9.651-5 3 (9NIP1I
Lead Kg 1.00F-03 3.27r,+01
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Table 2-4. Liquid and Sludge Inventories -Overall 95% Upper Confidence Level

ContlIuent Inventory Unit Liquid Inventory Sludge Inventory

Lithium Kx 5.40W-05 3411-01
MagRnmm Kg I I(11R-03 9 Q4h4L
Manganes Kg i.7 1F5 7.04-+02
m-Crle- l Kg 5 98E-04 2.70E-01
Mcury Kg 1.23h-06 2.82h+)
Meihylenechloride Kg 8.69FAn 2.97R-4
Molyhdenum Kg 1.351-N 9 221-01
Morphotine,4-ntroso- Kg 2.4164) 3.601-02
Naphthalene Kg l.16FAM 2.88E.02
Ne dmiiUM Kg 3 86AM 1.141,441
Nepiunium-237 Kg l.08-07 1.02E-Ol
Nickel Kg 2.2()AM 395h+01
Nickel-63 Cl 69XFAA4 9.721,+01
Niobium Kg 1.93FW3 5.371.+00
Niobsum-94 Ci 2.53L-05 5.67.+01
Nitrate Kg 5.821-(2 1.31i+02
Nitrite Kg 5.24h-02 1.25+.02
Nitrobenzcne Kg 9.366-05 3.03-02
N-Nitro-d-n-

propylamine Kg 2.51rFA4 406rA2
Oxalate Kg 4 946-01 4.296+02
Palladmm Kg 2.97F,03 2.136.01
Pentachlorophenol Kg 2.22144 3.121-02
Phenol Kg 2.61b 4A 1.42L-01
Phosphale Kg 3.82F.-02 1.251402
Phosrhorhs Kg 1.38-02 3.72401
Plutonium-238 C1 5.191-06 8.171,+00
Plutonium-239/240 C, 4 756U)6 2.691401
Potawium Kg 1.35F-02 5.341+01
Prasentymium Kg 5.401-04 6.82400
Pymr Kg 1.54L-04 6 95E.02
Pyridine Kg 1.351-M 4 341-02
Radium-226 CI . 2.631-03 1.26h403
Rhodium Kg 1.16E-03 7.40+)0
Rubidium Kg 2.161-02 7.261401
Ruthentum Kg 2.91FA9M 7.261+(X)
Ruthanium/Rhodium.
106 Ci 1.93r,03 1.02F.+03
Samarium Kg 4.25A)4 3.271t+,0
Selenium Kg 1.271-03 8 8400
Selemum-79 Ci 3.071-06 2.896-02
Silcon Kg 6.07E-03 2.04E401
Silver Kg 9.271'-,05 9.92E+00
SoMum Kg 3951;4) 2.361,+02
Strontium Kg 4.05A)6 2.321-+X)
Strontum-9190 Ci 1.87FA)2 8 346+04
Sullate Kg 6.21602 I1.481+02
Sulfide Kg 6.10-A3 4.06F-01
Sulfur Kg 2.02-A)3 3.931,+(X)
Tantalum Kg 8 11-04 7.266+00

16
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MEAN CONCENTRATIONS AND REIATIVE STANDARD DEVIATIONS FOR
LIQUID AND SLUDGE

Table A-I. Mean Concentralions and Relative Standard Deviagiorns0

Constituent Name &Iean I a hn ,n t
Conctntrnation Concentration DUt iatoa

1,1,1-Trichloroethane 60013-04 ps/mI. I 00E+00 7.234-D3 Jga 1. f+)r.
I.I,,22-TetrahIomrethane 8.601-14 pg/mL I Wfi+lx) 5.301-.03 IA/g
1,1,2-Trichloro-1.2,2. pg/mL

trifluorelhane 1.70H-03 I.UF.+) 8.10F43 pgL/ 1.P.+
1.1,2-Trichloroethane 5401Z-04 tIZ/mI. I 001I4.+0 5.301-03 pJ/L 11)..+00
1,l-ichloroethene pg/m 1.001+00 8.5314-03 L C I.1 +00
1,24-Tnchlorohene 1.30.413 pp/mL 1.11+ 8.13FA13 i/L 1.()8+00

l,2-Dkhlorbencnc 1.2013-01 pg/mL 111)14+W 1.351+00 JIfL .0l()(+
1,2-Dwchiorethane 5.40r,49 pp/mI, 1.(X)-.+M0 5.23E-03 tpjg 1.00F+4w
I,4-Dichloronene 1.001-01 ps/mI, I 110J:+W 1.3084a) jgf I 004+00
1-Butanol 5.80E-01 pI/mL If04+00 1.351i+00 pa/R L.00
2,4,5-Trichlorophenol 3004-01 pg/m. I +00144) 6901-)1 1j/, ILeL+m
2,4,6-Tichlorophcnol 2.906-01 pg/mL 1. 001:40 7.301-01 pkg b000

2,4-Dmitrotoluene 1.30r-01 pp/mi 1.00100 9.458.101 pg/ 1.001.00
2,6-B(I,.I-d4methythyl.4- pg/mL
methylpnlrol 1.70F-01 1.008+00 9.15FAl -eJ 2.0+01.40
2-Rutanone 1.91K-02 ppmi, 1.041-,)1 2.788-)2 jA/L 1.2614-01
2-Chlorophenol 2.70rA1 pg/mI. 110);400 1.301;+00 n/ 1.00+00
2-.1hoxyedhanot 1.30FA)i pIm, 16@ 71E0 pg 160
2-MeihylphnoI 2.2014A-l pg/mL IAE)Ii14.) 2.5514M+ PRI 1.0014+
2-Norophenol 2.60PAI0 ml 1.001+00 1.55(00 YZ/L ,.m0nR+
2-Nitropropmne 2.10F-03 pg/mL 1.0I8h+00 1.27FA)2 POR 11+14W
4-Chloro-3-methylphenoi 3.20P-01 p/mL 1001)+00 4.758-01 .,/ 1 00.+00
4-Narophenol 3.10E-01 p/m. 1.00E+00 7.10F-01 1g/1 1.00840
Acensphthene 1.604-01 I/L 1.40) 1.504+1) fl/ 1)8h+1)
Acetate 4.62H+01_ pg/mL 111)1+00 2.221i+03 11/2 1.A)f4)00
Acetone 7.33R-2 pg/ml 1.541-01 2.05F.-02 p /I 6.52-A2
Actmium-228 1151-04 pCi/mL 1.0)E+10 49)+00 (V+/ 114+00
Aluminum 9.371401 L g/mi. 2.581--03 2.41404 pjg 1.981;-02
Americium-241 419H-06 ps/mlI 111014). 4 111+) Pl(Vg I 998-02
Ammomum Ion by IC 9.858+1 pg/mL 2.491.-01 6.083+01 PJt/ 9.451,.02
Antimonly 6.80r3-01 pp/flj 1.00F.401 7.4811401 IIIs ioo14c

Arwimoqmy-125 6.4814404 pCi/mI 1(100E.411) 39984410 pJ!i/ I (8)4.4t1)

Amnw 9.0813-01 pg/mt. 1001,00) 1.821i+02 If/ I1008.00
Barium 360F.-02 pg/mL I (04") 1031402 pt/, 2.81F-02
Benene 9.20FAM pg/m I (+) 5071-03 .P0 I0-M
Berylhum 2.801-02 p/LuL, (:+00 3.5614+00 p/g .110:4
Bismuth 1.72h.410 MI/ I (11h+ 1.85k+110 2/ (10144)
Boron 6.754-01 /mi. 5081-4)2 7.4811+0 p/ 1.1014+1
Bromide 5.83I01 / 1.1)1044+) 2.803 jpr/ 11)[;+100

tuylh vnyiphhataae 8.101-2 I /mI 1.1)1+4) 2.65-01 pp/r 10F4J)
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Table A-I. Mfean Concntai, ad Relative Stradard flItne
0

A-3

A-21

I uld Sudge
Contituent Now him" Relative Relative

Concentration Unit Standard CoMen Unit Standard
on t"I Deviation n Deviation

Cadmium 9.60E-02 ug/mi, 1. nrE+1 9.098+01 j/l 5.161-02
Calcium 3.44R-01 pj/mlj I 1)%4(X) 7.416+03 pp/l 609H-02
Crhoncdtsulfide 9.60.-04 pg/ml. 1.00%400 7.501-03 pg/A 1.008.00
Carbontetrachklde 88-04 pg/ml 1.0(1+1) 9574-03 p I/t 1.0-+1)
Carhon-14 3.01 R-06 pCi/ml 8.261-02 5.198-04 pC/g 1.001400
Cerium 8S01-01 pR/ml 1)+41M 3.59k+02 PO/ 4.38h4)2
Cerium/Prasendymium-144 1.22r-03 pC&/ml 1.10.+00 1.74H+01 pCi/I 21.L41
Cesoum-134 9.97V-05 pCi/mL l.104+4) 1.1011+00 pCi/ 1008+41
Cesium-37 4.342-01 IpC/nI/ 9.79E-04 9.11H+01 pCi/g 9.52b-02
Chloride 1.761401 pg/mi. 9.42r,03 3.874402 jEA- 1.0014.00W
Chkwobene.ne . 5.40. . 4 li p/mL I 18441 6_271-_3 . r/ _ 81.(X)[
Chlornform 6.601-04 pg/mi. 1.00E.+M 7.70F-03 ypg 1.00.+00
Chromium & R014-02 pp/ml I (1)8.+) 2.38402 jA/ 2.52(8-02
Cobalt 1.968-02 p/ml. __ 11.0.00 2.378+01 ip/g 1.088-01

Cobalt-(Al 2.58-05 pC/miL 1(.1)+0 1.141,+1 pCi/g 1.1)-NI)
Copper 8001:-02 pb/mi I00E+41 1.458+02 7.401-02
Cresol 9.2LE-el p/ 1.8E+M 3.65+)0 p9/R 1.11)84+
Curium-243/244 4.19L.-06 pCim. 1.04+00 4 751H-01 pCilg 1.008+)

ande 9.50-02 pm 1.0)F.441 4.92+00 U/gj 7.07F-02
Cyclohcxanone 7.606-02 pt/mI. _I 00E4+41) 2.17s+100 pg/g 1.0011+00
Di-n-hutylpthalate 1.40.-I1 pt/mi I (188 2.654-01 p 4.204+00
Di-n-octylphthalate 2.10-01 p/mL 1(84) 1.50h+1 pgfg I.E)4+1
Ethyl acetate 5.80.-04 pg/mi 1.001400 7.90E-03 p/ 1.001400
HIhylether 7208R-04 pg/mi. 1.0(114+41 7.13M)3 ji/g 1.04)00
Ethylbenmene 1.601;-03 pf/mI. 1001+00 1.27L-02 ipj/ i.00E400
Europium 4.90F-02 UP/mi. 1.00141 3928+01 jpf/ 1.).+00
hiuropium-152 2.251-04 pCi/mL 1.001)0 3.951+00 pCitg 1.004+00
Europium-154 7.628-05 pi/mL 1.00841)0 5.12+4M puCig 1.1.M+00
Europlum-155 1.65H-04 pC/mL 110.0+00 4.91+00 pCi/g 1.001+00
Fluoranthene 2.108-01 g/miL 1.00.+00 8971-02 pi/t I00r+00
fluorxde 6.031+00 pg/mL 1.OW+41 3.414+01 pE/ 1.001+00
Formate 4.62F+01 p/ml. 1.00.+00 2.228+03 p1/2 2008+00
Glycolate 3 924411 p/mL I (X)1)44 1.841403 /(101+4)

Hexchlorobutadiene 1.201-01 pA/mL 1(14.L41 3.32-0l jpg/ 2(1)[.:+)
Ielachloroethane 1.101>03 pit/ml. 1.11+1) 4.771-03 j/ 1.1)1+00I
Iexone 6.80W-04 pg/mL 1.00+00 1.091-A/ 1.0014+00
Iydroxide (re) 7.021+03 pg/mL 1.41E-02 Not measured NA NA

lodine-129 1.3314-06 Ci/mI I ()14+X)1 3 97-05 pCi/R 1 001+00
Iron 9.201-02 pg/ml. 1.002+00 130i+0.4 pf 2.94H-02
Iobutanol 6601-01 pg/mi. 1.001+44) I 80h+00 / 1001+00

Lanthanum 1.001-01 Peni. 1.(1E+4.) 1.541+02 pJg 7.78M-03
Lead 1.041t+,1) pp/mL 1.0(X1844X 1.621.+03 Jp/g 3.83h-02
Lithium 5.60E-02 pg/ml. 1.008+00 7.12+00 pglg I 00E+00
Magnesium 1.0414M p/ml 1.00E44+1 4.481-,+02 p/ 3.621-02
Manganese 4.09E..02 pg/mL 7.88-02 3.468+04 Jg/ 4.91-02
M-Cresol 6.20-01 p/mL 1001+00 5.80+00 pE/L 1.400
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Table A-1. lean Concentralons and Relative Standard Deviati ons
LIquid Studge

Comliluent Name Mean Relative Relative
Concentration Unit Standard Unit Standard

Deviation Devialion
Mercury 3.02E-03 pg/ml, 4.481-02 1.22E+02 pg/ 1.881-01
Methylenechloride 9001F0M pg/mL 1.oEI + 6.2h-FA)3 Ip/ 1.1X)F+M
Molybdenum IA0-01 pg/mL 1.11+00 1.92L+01 yj/g 1.00b±-+
Morpholne.4-mtfrso- 2.5E-01 pp/mL 1.00 7.50F,01 f 1.00.+w

Naphthalene 1.2014A1 gIp/L I.%)I4441 6.021)1 1j/ 1.00 +%)
Neodymium 4.01)1-01 py/ml. 1.11)1+4) 5.671+02 PO/R 1.991-02
Neptunium-237 2 64FAM pg/ml. 4 9F,4)2 48414 I /g 9.9l- 2
Nickel 2.28L-01 pg/mL I 1.)14+1 1.90L+03 pg/g 8.06L.02
Nickel-63 7.24F-06 pCi/ml. I (E) 4 5944I0 pCi/g I 024-02
Niobtum 2.001;4 pg/mL 1.)I±.W 2.67L+2 fl! 2.86h-02
Niohium-94 2.62E4-05 pCi/ml 1.001 4%) 1.18+00 pCdg 1.001+0
Nitrate 6.031c+01 pg/mL I 002+00 2.90L+03 yfl 1.001+00
NtInte 5.431401 pg/ml. 2.0014+W 2.61r.+03 pg/JR 1(1)1.+00
NIrobervene 9.70F.-02 pg/ml. 10)1+00 6 3201 1JR 2 00E)+00
N-Nitreo-di-n-propylamme 260E-01 pg/ml I (1)2+4)0 8.4714-01 Wi/ 1.X)400
Oxalate 1.22"+)3 pg/mL 7.87F-03 2.09"A.0 PJ/ 6A4-02
Palladum 3.0891+0 pg/mi. 1.ODE4) 4.451402 11/8 1.001E+m
Pentachloeophenol 2.30E.01 pt//mL 1 WE+( 6.50101 Ig/I 1.EX+
Phenol 2.701E-01 pp/mt. 1.01400 2.971+00 j i o1)rl+)
Plmphate 9.46h+01 pp/ml 5.441-)3 2.6lK+03 PJ/L I.EFs+XI
Phopthw 3.4111+01 Pml. 6.2H,-03 1.85r+03 pg 2.62r,-02
Plutonum-238 5.380-M, pC/mI 1.1E 4 1.70-41 pCl/g 1(.()1+
Plutontum-239/240 4.92E-6 pCi/mi. I (1)400 1.281%+(X) pCi/g 9.54h-02
Polasanim 1.401t+01 pE/mL 1.1)1+8) 1.11 +03 J /L 1(.1x)4+

Pramwndymium 5.60-01 pg/mL 1.0D11+) 3.401+02 p / . I.A)1,02
Pyree 1 60F3-4) pp/mI. I.1)E+00 IAi+r,) / 1.1X)1+m
Pyridme 140k- 41 pf/mL 91.+) Qt)5h41 J/ 1.(X)H4X)
Radium-226 2.721--M pCL/ml, I 001400 2.62E144) pCi/g 1.002+M
Rhodium 1.20) p/mlL 1()1 44%) 1.541)+02 .i/ ".+MX)
Rubidium 2.24E+01 ut/mI 1.001 4iW 1.51W+03 Jg/ 1.101+00
Ruthenium 7.15E-01 pg/ml. 3.611-02 1.51F+(12 pj/j 1.:4)(X)
Rutlrnium/Rhodium-106 200E-03 pCi/mIl. 1001E+00 2.12L+01 pCi/g 1.00WE)0
Samarium 4.40-131 pWml 1.1),+14) 1.58E+Y02 pJ/L 7.33[i.02
SeleniMum 1.3240 pp/mL 1.1)1+00 1.85b+02 Wit I .W+00
Selenium-79 3.18-06 pCi/mi. 1.00F.400 6.04F404 pCvg 1.1)1+00
Silcon 1.51+01 pg/mL 2.461-03 1.011+03 ig/s 3.711-02
Silver 9.60E-02 pp/mL 1.00E.+00 4.94-402 pgfg 2.991-02
Sodium 98011+03 pe/ml 1.711-A3 1.174+04 JW/ 367H-02
Sirnnttum 9.401E-03 pi/mL 1.15F-01 1.15i+02 p4/9 2.82i-02
Strontium-89 ) 440E-.02 pCi/ml. 102-1 4.161403 pCi/g L.011>2
Sulfate 6.431401 pg/mL 1.0f)4) 3.091+03 Wi/ 1.0014+0
Sulfide 6.321-,+X P/ML 1.1 +) 8.47 +) PJ/ 1.8)14+)
Sulfur 5)001!+00 pg/mI. 2.60-02 8.191+01 pg/ 1.001+00
Tantalum 840E-01 pt/mI. 1.1)01+ ) 1.511,+02 p/l 1(1)4

TecnIetium-99 628E-04 p/ml 1.19E-01 6.11 L-01 p3/g 9.81B-02
Tellurium 1.72.400 pg/mI. 1.0)13+ 1.51.+02 j9 / 2.001+00
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Table A-I. M ean Concentrall:ns and Relative Standar Deva) 0

I qai Sludge
Constituent Name Mean Relative h n Relative

Concentration Unit Standard Concentration Unit Standard
Deviation Devalion

Tetrmchloroethene 6.20H.04 /ML. 1.00t+X 667-03 Wit t.0XE+I44
Thathum 1.12+ p) MI 1.31-FI 445H402 p Pf I.I)00
Thonum 440F")l MIL 1.X*4+) 1.96+02 pj/j 3.79-4)2
Thonum-230 7.[X)I-6 pg/mI, 1.tE14+1) 2.92h-03 U/L 2.45FAI
Thonum-232 3.14L404 p/mL 1.(11+0 3.21E+02 Jg/L 1.17E4-I1
Tm 2.90I:400 yigmI. 5.79L.02 I 1.511i+02 09J I.001:1.w
Tianum 2.40E-A02 pg/m 1.0014+11) 2.43F.+01 PIgI 1.09r-01
Totuere 8.601-A4 p1mI .00144)0 5.97B-03 JEVj IltEI4+1)
Tranv-1,3-Dichoropropene 6.4-FAM p/mL I .101 5.17-03 PA/R 11)0.4+1)
Trichloroethene 1.40.03 ptm .X)tF+l 1.021-02 JYL 1.l)1lt(+)
Trichlorofluoromethane 7.60-MA PE/m 1.)014+(1 7.57-03 pF& 1.004+100
Tritium 340406 pCi/mL I (1)2+ 6431i-04 pCi 1.o)1+1)
Tungsten 5.19F401 p/mL .09F402 2.97h+02 POX 0 1. 1)
Uranium I5014 41m) I(/m M+M& 1.851402 pill 1.00F4AW
Uramum-233 1.731:-05 pg/mL 5.781:02 1.191-02 _&/ 5.196-02
Urnium-234 489H-05 pg/mI1 2.491;.02 9.544-03 py/ 1.6514-02
Uranium-235 5.81;-03 pg/mLI 7.12-F03 1.131400 yf/l 8.69F.-02
Urnium-236 7.991-05 pj/ml 1.W31-02 1.69r-02 JpR/ 1.274-01
Uranium-233 8.774-01 p2/ml 1.141-.02 1.691i+02 p/ .471-02
Vanadium 1.04F.-01 pi/ML 1.00E4+11 1.85+01 p/ 1.)14+1)
Vinyl chloride S 801 e/mL 1.1)1E+1) 3.6311-01 P/F 1 OK441

Xylene m & p) 5.40FAI p/mil 1.(1)1;4) l.4314-02 PJ/A 1 ________

Xylene (o) 880FAM pp/mL 1.)E+00 4.50-03 pg/g I0040
Xylees (total) 4.50:-03 p/mL 1.001+00 1.901-02 111 1.004I00
Yttrium 2.001E-02 py/mL 1.00E+00 1.07E+02 p/g 5.68E-02
?anc 1.35F-01 lp/mi I 361:-01 1.341402 Pj/ 4.851;42
ZAcomium 6.40FA2 pg/ml 1.(144I 1.76h+02 /g 4.4214-02
Arocrn (Total PCs) 1.1)(-03 p /m 1.11)1-N+ 8.564-02 p / 14.)9+)
Cunum-242 Not measured NA NA Not measured NA NA
Cunum-243 Not measured NA NA Not measured NA NA
Cunum-244 Not measured NA NA Not measured NA NA
Plulomium-239 Not measured NA NA Not measured NA NA
Plutonium-240 Not measured NA NA Not measured NA NA
Plutonium-241 Not measured NA NA Not measured NA NA
Thonum-226 Not measured NA NA Not measured NA NA

Note: "'n accordance with the 5lt protocol, the retative stardard deviation is assumed to be I
was not detected.

if the cotituent
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Table B-I. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 ft3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

Yes Radionuclide Primary 311 Tritium 1.02E-02 Ci U

Yes Radionuclide Primary 14C Carbon-14 8.24E-03 Ci U

Yes Radionuclide Primary 60Co Cobalt-60 1.80E+01 Ci U

Yes Radionuclide Primary 63Ni Nickel-63 7.30E+01 Ci

Yes Radionuclide Primary 79Se Selenium-79 9.59E-03 Ci U

Yes Radionuclide Primary 90Sr Strontium-90 6.61E+04 Ci

Yes Radionuclide Primary 99Tc Technetium-99 1.65E-01 Ci

Yes Radionuclide Primary 1291 Iodine-129 6.32E-04 Ci U

Yes Radionuclide Primary 137Cs Cesium-137 1.45E+03 Ci

Yes Radionuclide Primary 152Eu Europium-152 6.27E+01 Ci U

Yes Radionuclide Primary 154Eu Europium-154 8.13E+01 Ci U

Yes Radionuclide Primary 155Eu Europium-155 7.80E+01 Ci U

No Radionuclide Primary 228Th Thorium-228 5.75E-04 Ci

No Radionuclide Primary 230Th Thorium-230 8.82E-04 Ci

Yes Radionuclide Primary 232Th Thorium-232 5.61E-04 Ci

Yes Radionuclide Primary 233U Uranium-233 1.83E-03 Ci

Yes Radionuclide Primary 234U Uranium-234 9.48E-04 Ci

Yes Radionuclide Primary 235U Uranium-235 3.87E-05 Ci

Yes Radionuclide Primary 236U Uranium-236 1.73E-05 Ci

Yes Radionuclide Primary 238U Uranium-238 9.04E-04 Ci

Yes Radionuclide Primary 237Np Neptunium-237 5.42E-02 Ci

Yes Radionuclide Primary 238Pu Plutonum-238 2.71E+00 Ci U

Yes Radionuclide Primary 239Pu Plutonum-239 1.68E+01 Ci

Yes Radionuclide Primary 240Pu Plutonum-240 3.58E+00 Ci

Yes Radionuclide Primary 241Pu Plutonum-241 3.97E+01 Ci

Yes Radionuclide Primary 241Am Amercium-241 6.53E+01 Ci

Yes Radionuclide Primary 242Cm Curium-242 1.58E-01 Ci U

Yes Radionuclide Primary 243Cm Curium-243 3.02E-01 Ci U

Yes Radionuclide Primary 244Cm Curium-244 7.25E+00 Ci U

Yes Radionuclide Secondary 94Nb Niobium-94 1.88E+01 Ci U

Yes Radionuclide Secondary 106Ru Ruthenium-106 3.37E+02 Ci U

Yes Radionuclide Secondary 125Sb Antimony-125 6.34E+01 Ci U
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Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 f 3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

Yes Radionuclide Secondary 134Cs Cesium-134 1.74E+01 Ci U

No Radionuclide Secondary 144Pr Praseodymium-144 2.76E+02 Ci U

Yes Radionuclide Secondary 226Ra Radium-226 4.17E+02 Ci U

No Radionuclide Secondary 228Ac Actinium-228 7.78E+01 Ci U

No Inorganic Primary 14798-03-9 Ammonium NI4+ 9.701-01 Kg

No Inorganic Primary 7440-38-2 Arsenic As 2.892+00 Kg U

No Inorganic Primary 7440-39-3 Barium Ba 1.64E+00 Kg

No Inorganic Primary 7440-41-7 Beryllium Be 5.662-02 Kg U

No Inorganic Primary 7440-43-9 Cadmium Cd 1.44E+00 Kg

Yes Inorganic Primary 7440-47-3 Chromium Cr 3.79E+00 Kg

No Inorganic Primary 57-12-5 Cyanide CN- 7.82E-02 Kg

Yes Inorganic Primary 16984-48-8 Fluoride F- 5.44E-01 Kg U

No Inorganic Primary ALKALINITY Hydroxide Ofl- 2.25E+00 Kg

Yes Inorganic Primary 7439-92-1 Lead Pb 2.57E+01 Kg

Yes Inorganic Primary 7439-97-6 Mercury Jig 1.93E+00 Kg

Yes Inorganic Primary 7440-02-0 Nickel Ni 3.022+01 Kg

No Inorganic Primary 778249-2 Selenium Se 2.94E+00 Kg U

No Inorganic Primary 7440-22-4 Silver Ag 7.85E+00 Kg

No Inorganic Primary 18496-25-8 Sulfide S2- 1.37E-01 Kg U

No Inorganic Primary 7440-28-0 Thallium TI 7.072+00 Kg U

No Inorganic Primary 7440-62-2 Vanadium V 2.942-01 Kg U

No Inorganic Primary 7440-66-6 Zinc Zn 2.13E+00 Kg

No Inorganic Secondary 71-50-1 Acetate C211302- 3.531+01 Kg U

Yes Inorganic Secondary 7429-90-5 Aluminum Al 3.83E+02 Kg

No Inorganic Secondary 7440-36-0 Antimony Sb 1.19E+00 Kg U

Yes Inorganic Secondary 7440-69-9 Bismuth Bi 2.94E+00 Kg U

No Inorganic Secondary 744042-8 Boron B 1.19E+00 Kg U

No Inorganic Secondary 24959-67-9 Bromide Br- 4.46E+01 Kg U

Yes Inorganic Secondary 7440-70-2 Calcium Ca 1.18E+02 Kg

No Inorganic Secondary 7440-45-1 Cerium Ce 5.71E+00 Kg

Yes Inorganic Secondary 16887-00-6 Chloride Cl- 6.15E+00 Kg U

No Inorganic Secondary 7440-484 Cobalt Co 3.76E-01 Kg
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RPP-20577, REV. 0

Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 f 3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

No Inorganic Secondary 7440-50-8 Copper Cu 2.31E+00 Kg

No Inorganic Secondary 7440-53-1 Europium Eu 6.23E-01 Kg U

No Inorganic Secondary 12311-97-6 Formate C1i02- 3.533+01 Kg U

No Inorganic Secondary 666-14-8 Glycolate C211303- 2.921+01 Kg U

Yes Inorganic Secondary 7439-89-6 Iron Fe 2.07E+02 Kg

Yes Inorganic Secondary 7439-91-0 Lanthanum La 2.45E+00 Kg

No Inorganic Secondary 7439-93-2 Lithium Li 1.13E-01 Kg U

No Inorganic Secondary 7439-954 Magnesium Mg 7.11E+00 Kg

Yes Inorganic Secondary 7439-96-5 Manganese Mn 5.501+02 Kg

No Inorganic Secondary 7439-98-7 Molybdenum Mo 3.06E-01 Kg U

No Inorganic Secondary 7440-00-8 Neodymium Nd 9.02E+00 Kg

No Inorganic Secondary 7440-03-1 Niobium Nb 4.24E+00 Kg

Yes Inorganic Secondary 14797-55-8 Nitrate N03- 4.61E+01 Kg U

Yes Inorganic Secondary 14797-65-0 Nitrite N02- 4.15E+01 Kg U

No Inorganic Secondary 338-70-5 Oxalate C2042- 3.33E+02 Kg

No Inorganic Secondary 7440-05-3 Palladium Pd 7.082+00 Kg U

Yes Inorganic Secondary 14265-44-2 Phosphate P043- 4.15E+01 Kg U

No Inorganic Secondary 7723-14-0 Phosphorus P 2.942+01 Kg

Yes Inorganic Secondary 7440-09-7 Potassium K 1.772+01 Kg U

No Inorganic Secondary 7440-10-0 Praseodymium Pr 5.40E+00 Kg

No Inorganic Secondary 7440-16-6 Rhodium Rh 2.45E+00 Kg U

No Inorganic Secondary 7440-17-7 Rubidium Rb 2.412+0I Kg U

No Inorganic Secondary 7440-18-8 Ruthenium Ru 2AIE+00 Kg U

No Inorganic Secondary 7440-19-9 Samarium Sm 2.51E+00 Kg

No Inorganic Secondary 7440-21-3 Silicon Si 1.60E+01 Kg

Yes Inorganic Secondary 7440-23-5 Sodium Na 1.89E+02 Kg

Yes Inorganic Secondary 7440-24-6 Strontium Sr 1.83E+00 Kg

Yes Inorganic Secondary 14808-79-8 Sulfate S042- 4.92E+01 Kg U

No Inorganic Secondary 7704-34-9 Sulfur S 1.30E+00 Kg U

No Inorganic Secondary 7440-25-7 Tantalum Ta 2.4 1E+00 Kg U

No Inorganic Secondary 13494-80-9 Tellurium Te 2.41E+00 Kg U

No Inorganic Secondary 7440-29-1 Thorium Th 3.12E+00 Kg
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RPP-20577, REV. 0

Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 ft3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

Yes Inorganic Secondary 7440-31-5 Tin Sn 2.41E+00 Kg U

No Inorganic Secondary 7440-32-6 Titanium Ti 3.861-01 Kg

No Inorganic Secondary 7440-33-7 Tungsten W 4.73E+00 Kg U

Yes Inorganic Secondary 7440-61-1 Uranium U 2.94E+00 Kg U

No Inorganic Secondary 7440-65-5 Yttrium Y 1.701+00 Kg

Yes Inorganic Secondary 7440-67-7 Zirconium Zr 2.79E+00 Kg

No VOA Primary 71-55-6 1,1,1-Trichloroethanc 1.15E-04 Kg U

No VOA Primary 79-34-5 1,1,2,2-Tetrachloroethane 8.45E-05 Kg U

1,1,2-Trichloro-1,2,2-
No VOA Primary 76-13-1 trifluoroethane 1.29E-04 Kg U

No VOA Primary 79-00-5 1,1,2-Trichloroethane 8.44E-05 Kg U

No VOA Primary 75-35-4 I,3,Dichloroethene 1.36E-04 Kg U

No VOA Primary 107-06-2 1,2-Dichloroethane 8.33E-05 Kg U

No VOA Primary 78-93-3 2-Butanone (MEK) 4.48E-04 Kg

No VOA Primary 79-46-9 2-Nitropropane 2.02E-04 Kg U

No VOA Primary 67-64-1 2-Propanone (Acetone) 1.30E-03 Kg

No VOA Primary 108-10-1 4-methyl-2-pentanone
No______ VOA_ Prmay0810 (MIBK) 1.73E-04 Kg U

No VOA Primary 7143-2 Benzene 8.08E-05 Kg U

No VOA Primary 75-15-0 Carbon disulfide 1.19E-04 Kg U

No VOA Primary 56-23-5 Carbon tetrachloride 1.52E-04 Kg U

No VOA Primary 108-90-7 Chlorobenzene 9.97E-05 Kg U

No VOA Primary 75-014 Chloroethene (vinyl chloride) 5.802-05 Kg U

No VOA Primary 67-66-3 Chloroform 1.232-04 Kg U

Dichloromethane (methylene
No VOA Primary 75-09-2 chloride) 9.88E-05 Kg U

No VOA Primary 60-29-7 Diethyl ether 1.14E-04 Kg U

No VOA Primary 141-78-6 Ethyl acetate 1.26E-04 Kg U

No VOA Primary 100414 Ethylbenzene 2.02E-04 Kg . U

No VOA Primary 108-38-3 m-Xylene 2.29E-04 Kg U

No VOA Primary 9547-6 o-Xylene 7.18E-05 Kg U

No VOA Primary 10642-3 p-Xylene 2.29E-04 Kg U

No VOA Primary 127-184 Tetrachloroethene 1.06E-04 Kg U
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RPP-20577, REV. 0

Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 f 3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

No VOA Primary 108-88-3 Toluene 9.51E-05 Kg U

No VOA Primary 542-75-6 trans-1,3,-Dichloropropenc 8.23E-05 Kg U

No VOA Primary 79-01-6 Trichloroethene 1.63E-04 Kg U

No VOA Primary 75-69-4 Trichlorofluoromethane 1.20E-04 Kg U

No VOA Primary 1330-20-7 Xylknes 3.03E-04 Kg U

No SVOA Primary 120-82-1 1,2,4-Trichlorobcnzene 1.30E-04 Kg U

No SVOA Primary 95-954 2,4,5 Trichlorophenol 1.11E-02 Kg U

No SVOA Primary 88-06-2 2,4,6-Trichlorophenol 1.17E-02 Kg U

No SVOA Primary 121-14-2 2,4-Dinitrotoluene 1.51E-02 Kg U

2,6-IBis(tert-butyl)-4-
No SVOA Primary 128-37-0 mcthysphenol 1.46E-02 Kg U

No SVOA Primary 95-57-8 2-Chlorophenol 2.07E-02 Kg U

No SVOA Primary 110-80-5 2-Ethoxyethanol 1.13E-02 Kg U

No SVOA Primary 95-48-7 2-Methylphenol (o-cresol) 4.06E-02 Kg U

No SVOA Primary 106-44-5 4-Methylphenol (p-cresol) 9.24E-02 Kg U

No SVOA Primary 83-32-9 Acenaphthene 2.39E-02 Kg U

No SVOA Primary 85-68-7 Butylbenzylphthalate 4.24E-03 Kg U

No SVOA Primary 108-94-1 Cyclohexanone 3.45E-02 Kg U

No SVOA Primary 84-74-2 Di-n-butylphthalate 4.26E-03 Kg

No SVOA Primary 117-84-0 Di-n-octylphthalate 2.392-02 Kg U

No SVOA Primary 20644-0 Fluoranthene 1.43E-02 Kg U

No SVOA Primary 87-68-3 Ilexachlorobutadiene 5.31E-03 Kg U

No SVOA Primary 67-72-1 Ilexachloroethane 7.61E-05 Kg U

No SVOA Primary 78-83-1 Isobutanoll 2.88E-02 Kg U

No SVOA Primary 108-394 m-Cresol (3-Methylphenol) 9.24E-02 Kg U

No SVOA Primary 91-20-3 Naphthalene 9.60E-03 Kg U

No SVOA Primary 71-36-3 n-Butyl alcohol (1-butanol)l 2.16E-02 Kg U

No SVOA Primary 98-95-3 Nitrobenzene 1.01E-02 Kg U

No SVOA Primary 621-64-7 N-nitroso-di-n-propylamine 1.35E-02 Kg U

No SVOA Primary 59-89-2 N-Nitrosomorpholine 1.202-02 Kg U

p-Chloro-m-crcsol (4-Chloro-
No SVOA Primary 59-50-7 3-methylphenol) 7.65E-03 Kg U

No SVOA Primary 129-00-0 Pyrene 2.31E-02 Kg U
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RPP-20577, REV. 0

Table B-1. Residual Single-Shell Tank 241-C-106 Inventory Calculated from Post-Retrieval
Sample using 370 ft3 for Volume of Residual. (6 sheets)

BBI Class P/S Isotope/CASRN Constituent Inventory Units DQ

No SVOA Primary 110-86-1 Pyridine 1.44E-02 Kg U

Hanford
No SVOA 106-46-7

SVOA TICs 1,4-Dichlorobenzene 2.07E-02 Kg U

No SVOA SatoId 87-86-5 Pentachlorophenol 1.04E-02 Kg U

No SVOA Hantford Lib 10952 PeoNo SVOA SYCA T. .08-95-2 Phenol 4.721-02 Kg U

No SVOA NIST SVOA 9-5-NST S AiCs 95-50-3 1,2-Dichlorobenzene 2.15E-02 Kg U

No SVOA NIST SVOA 88-75-5TICS 2-Nitrophenot 2A7E-02 Kg U

No SVOA NIST SVOA 100-No SQA NTICs 100-02-7 4-Nitrophenol 1.14E-02 Kg U

No NIST OA 1319-77-3 Total Methylphenols 5.832-02 Kg U

No PCB Primary 11097-69-1 Aroclors (Total PCBs) 1.36E-03 Kg U

Notes:
BIl - best-basis inventory.

CASRN = Chemical Abstract Symbol Registration Number.
DQ - Detection Qualifier Flag (U- Nondetcet, Inventory for nondetects calculated at the detection limit [RPP-20226,

Analytical Results for Liquid Grab Sampling and Analysis Plan for Tank 241-C-106
Component Closure Action and RPP-20264, Analytical Resultsfor Tank 241-C-106
Solid Clam Shell Samples Supporting Closure Action]).

NIST - National Institute of Science and Technology.
P/S - Primary or Secondary Constituent (RPP-13889, Tank 241-C-106 Component Closure Action

Data Quality Objectives).
PCB - polychlorinated biphenyl.

SVOA - semivolatile organics.
TIC - total inorganic carbon.

VOA - volatile organic analysis.
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

VMIA C
Residual fenceline Incremental r ontaminant Screening Reason for Reason for exclusion In

CASRN Constituent Inventory' concentration lifetime Hazard of potential inclusion In risk eask exclssion n
(Cl or kg) (pCi/L or cancer risk concern step assessment

mg/L)
No Toxicity Value

144Pr Praseodymium-144 1.38E+02 1.21E+03 N/A N/A No I N/A Available

228Ac Actinium-228 3.89E+01 3.40E+02 N/A N/A No I N/A No TocityValue

18496-25-8 Sulfide S2- 6.83E-02 5.971-07 N/A N/A No 1 N/A No ocityValue

71-50-1 Acetate C2H302- 1.771+01 1.54E-04 N/A N/A No 1 N/A No oxicityValue

7440-69-9 Bismuth Bi 1.47E+00 1.29E-05 N/A N/A No I N/A Available Lu

No Toxicity Value -

24959-67-9 Bromide Br- 2.231+01 1.95E-04 N/A N/A No I N/A Avaiable

16887-00-6 Chloride Cl- 3.08E+00 2.69E-05 N/A N/A No I N/A No Toxicity Value
Availableo

No Toxicity Value
7440-53-1 Europium Eu 3.11E-01 2.72E-06 N/A N/A No I N/A Available

No Toxicity Value
12311-97-6 Formate CH02- 1.77E+01 1.54E-04 N/A N/A No I N/A Available

No Toxicity Value
666-14-8 Glycolate C2H303- 1.46E+01 1.282-04 N/A N/A No I N/A Available

7440-05-3 Palladium Pd 3.54E+00 3.09E-05 N/A N/A No I N/A No Toxicity Value
7440-5-3 N/AAvailable

No Toxicity Value
1426544-2 Phosphate P043- 2.08E+01 1.81E-04 N/A N/A No 1 N/A Available

7440-09-7 Potassium K 8.86E+00 7.74E-05 N/A N/A No I N/A Aa ocityValue
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Hazard Contaminant Screening Reason for Reason for exclusion In

CASRN Constituent Inventory' concentration lifetime Index of potential step Inclusion In risk
(CI or kg) (pCi/L or cancer risk concern assessment risk assessment

mg/L)

7440-16-6 Rhodium Rh 1.23E+00 1.071-05 N/A N/A No I N/A No Toxicity Value
I I Available

7440-17-7 Rubidium Rb 1.20E+01 1.05E-04 N/A N/A No I N/A No Toxicity Value
I I Available

7440-18-8 Ruthenium Ru 1.20E+00 1.051-05 N/A N/A No 1 N/A No Toxicity Value
Available

14808-79-8 Sulfate S042- 2.46E+01 2.151-04 N/A N/A No 1 N/A No Toxicity Value
Available

7704-34-9 Sulfur S 6.521-01 5.69E-06 N/A N/A No 1 N/A No Toxicity Value
I Available

744D-25-7 Tantalum Ta 1.20E+00 1.05E-05 N/A N/A No 1 N/A No Toxicity Value
744025-7TantlumAvailable

13494-80-9 Tellurium Te 1.20E+00 1.05E-05 N/A N/A No I N/A No Toxicity Value
Available

7440-33-7 Tungsten W 2.37E+00 2.071-05 N/A N/A No I N/A No Toxicity Value
Available

128-37-0 2,6-Bis(tert-butyl)-4- 7.303-03 6.372-08 N/A- N/A No I N/A No Toxicity Value
metylphenol I Available

59-89-2 N-Nitrosomorpholine 6.001-03 5.24E-08 N/A N/A No I N/A No Toxicity Value
Available

59-50-7 p-Chloro-m-cresol 3.82E-03 3.341-08 N/A N/A No I N/A Toxicity Value

88-75-5 2-Nitrophenol 1.241-02 1.08E-07 N/A N/A No I N/A No Toxicity Value
- 4Available

10-274Ntohnl5.69E-03 4.978-08 N/A N/A No I N/A No Toxicity Value
100-02- 4-iIpeo Available
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residualt fenceline Incremental lazard Contaminant Screening Reason for Reason for exclusion inCASRN Constituent Inventory concentration lifetime Index of potential step Inclusion In risk risk assessment
(Ci or kg) (pCi/L or cancer risk concern assessment

mg/L)

1319-77-3 Total Methylphenols 2.91E-02 2.55E-07 N/A N/A No 1 N/A No Toxicity Value
(Cresol) Available

60-29-7 Diethyl ether 5.68E-05 4.96E-10 N/A N/A No I N/A No oxicityValue

14798-03-9 Ammonium NH4+ 9.70E-01 8.47E-06 N/A N/A No I N/A N a ityValue

7439-92-1 Lead Pb 2.57E+01 2.24E-04 N/A N/A No I N/A N a ityValue

7440-70-2 Calcium Ca 1.18E+02 1.03E-03 N/A N/A No I N/A aocity Value

7440-45-1 Cerium Cc 5.71E+00 4.99E-05 N/A N/A No I N/A No Toxicity Value
Available

7439-91-0 Lanthanum La 2.45E+00 2.14E-05 N/A N/A No I N/A No Toxicity Value
Available

7439-95-4 Magnesium Mg 7.11E+00 6.21E-05 N/A N/A No I N/A No Toxicity Value
Available

7440-00-8 Neodymium Nd 9.02E+00 7.88E-05 N/A N/A No 1 N/A No Toxicity Value
Available

7440-03-1 Niobium Nb 4.24E+00 3.70E-05 N/A N/A No 1 N/A No Toxicity Value
Available

338-70-5 Oxalate C2042- 3.33E+02 2.91E-03 N/A N/A No I N/A No Toxicity Value
Available

7723-14-0 Phosphorus P 2.94E+01 2.57E-04 N/A N/A No I N/A No Toxicity Value
4 - Available

7440-10- Prseodymnium Pr 5.4013+00 4.722-05 N/A N/A No Av/ANoTicityValu
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)
WMA C

Residual fenceline Incremental Hazard Contaminant Screening Reason for Reason for exclusion In
CASRN Constituent inventory' concentration lifetime Index of potential step Inclusion In risk risk assessment

(CI or kg) (pCi/L or cancer risk concern assessment
mgfL)

7440-19-9 Samarium Sm 2.51E+00 2.20E-05 N/A N/A No I N/A Aa boxity Value

I Available
7440-21-3 Silicon Si 1.60E+01 1.40E-04 N/A N/A No I N/A No Toxicity Value

Available
7440-23-5 Sodium Th 1E+O 2.72E-O3 N/A N/A No 1 N/ANo Toxicity Value

1.89+02 1.653-0 N/A N/ANo INIA Available

No Toxicity Value
7440-29-1 Tiorium Th 3.12E+00 2.72E-05 N/A N/A No 1 N/A Available

7440-32-6 Titanium Ti 3.861-01 3.37-06 N/A N/A No N/A No Toxicity Value

7440-65-5 Yttrium Y 1.70E+00 1.48E-05 N/A N/A No I N/A Aa cityValue

7440-67-7 Zirconium Zr 2.79E+00 2.44E-05 N/A N/A No 1 N/A No Toxicity Value
Available

63Ni Nickel-63 7.30E+01 6.37E+02 2.14E-06 N/A Yes 2 Contaminant N/ADetected

9OSr Strontium-90 6.61E+04 5.77E+5 2.15E-01 N/A Yes 2 CDntaminant N/A

99Tc Technetium-99 1.65E-01 1.44E+00 1.99E-08 N/A Yes 2 CDntanant N/A

137Cs Cesium-137 1.45E+03 1.26E+04 4.13E-03 N/A Yes 2 Cont nant N/A

228T Thorium-228 5.75E-04 5.02E-03 8.71E-09 N/A Yes 2 CDntamnant N/A

230 h Thorium-230 8.82E-04 7.71E-03 3.69E-09 N/A Yes 2 Contaminant N/ADetected

0

~3

t'3
0

-J

m

0



Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Hazard Contaminant Screening Reason for Reason for exclusion In

CASRN Constituent Inventory concentration lifetime index of potential step inclusion In risk risk assessment
(Ci or kg) (pCi/L or cancer risk concern assessment

mgfL)

232Th Thorium-232 5.61E-04 4.90E-03 4.65E-09 N/A Yes 2 Contaminant N/ADetected

233U Uranium-233 1.83E-03 1.60E-2 5.902-09 N/A Yes 2 Conta t N/A

234U Uranium-234 9.48E-04 8.3E-03 3.00E-09 N/A Yes 2 Contaminant N/ADetected

235U Uranium-235 3.871-05 3.39E-04 1.36E-10 N/A Yes 2 Contaminant N/ADetected N/

236U Uranium-236 1.73E-05 !.51E-04 5.202-11 N/A Yes 2 Contaminant N/ADetected N/

238U Uranium-238 9.04E-04 7.91E-03 3.552-09 N/A Yes 2 Contaminant N/A
I Detected

237Np Neptunium-237 5.422-02 4.742-01 1.942-07 N/A Yes 2 Contaminant N/A5.423-0 4.713-1 1.41307 NA Ys 2Detected

239Pu Plutonium-239 1.68E+01 1.47E+02 1.03E-04 N/A Yes 2 Contaminant N/A
Detected N

240Pu Plutonium-240 3.581+00 3.13E+01 2.19E-05 N/A Yes 2 Detected N/A

241Pu Plutonium-241 3.97E+01 3.47E+02 3.16E-06 N/A Yes 2 Contaminant N/ADetected

241Am Americium-241 6.53E+01 5.71E+02 3.10E-04 N/A Yes 2 CDntanant N/A

7440-39-3 Barium Ba 1.64E+00 1.43E-05 N/A 2.532-06 Yes 2 Contaminant N/A
- Cd Detected

7440-43-9 Cadmidum Cd 1.44E+00 1.6-5 1.052-10 3.3023-04 Yes 2 Cnaint N/ADetected
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Contaminant Screening Reason for Reason for exclusion in

CASRN Constituent Inventory concentration lifetimed of tentil inclusion In risk risk assessment
(Cl or kg) (pCI/L or cancer risk concern assessment

mg/L)

18540-29-9 Chromium Cr 3.79E+00 3.31E-05 8.92E-10 1.43E-04 Yes 2 Contaminant N/ADetected

57-12-5 Cyanide CN- 7.82E-02 6.83E-07 N/A 3.40E-07 Yes 2 Contaminant N/A

7439-97-6 Mercury Hg 1.93E+00 1.691-05 N/A 6.33E-03 Yes 2 Contaminant N/ADetected

7440-02-0 Nickel Ni 3.02E+01 2.64E-04 N/A 1.31E-04 Yes 2 CDnetec t N/A

7440-22-4 Silver Ag 7.85E+00 6.86E-05 N/A 1.37E-04 Yes 2 Contaminant N/ADetected

7440-66-6 Zinc Zn 2.13E+00 1.86E-05 N/A 6.17E-07 Yes 2 CDntam t N/A

7429-90-5 Aluminum Al 3.83E+02 3.34E-03 N/A 4.64E-05 Yes 2 Contanant N/A

7440-48-4 Cobalt Co 3.76E-01 3.291-06 4.24E-11 4.28E-06 Yes 2 Contaminant N/ADetected

7440-50-8 Copper Cu 2.31E+00 2.021-05 N/A 5.01E-06 Yes 2 Containt N/A

7439-89-6 Iron Fe 2.07E+02 1.811-03 N/A 6.01E-05 Yes 2 Contmint N/A

7439-96-5 Manganese Mn 5.50E+02 4.81E-03 N/A 2.622-03 Yes 2 Contamnnt N/A

7440-24-6 Strontium Sr 1.832+00 1.60E-05 N/A 2.67E-07 Yes 2 Con nant N/A

84-74-2 Di-n-butylphthalate 4.26E-03 3.72E-08 N/A 4.392-09 Yes 2 Contm t N/A
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Contaminant Screening Reason for Reason for exclusion in

CASRN Constituent inventory concentration lifetime index of potential step in risk ik assessment
(CI or kg) (pCi/L or cancer risk concern assessment

mgfL)

78-93-3 2-Butanone (MEK) 4.48E-04 3.91E-09 N/A 3.34E-10 Yes 2 Contaminant N/ADetected

67-64-1 2-Propanone (Acetone) 1.30E-03 1.14E-08 N/A 1.24E-10 Yes 2 Contaminant N/ADetected

ILCR or III < screening
311 Tritium 5.11E-03 4.46E-02 3.01E-11 N/A No 3 N/A thresholH

14C Carbon-14 4.12E-03 3.60E-02 2.80E-10 N/A No 3 N/A CRrehold

79Se Selenium-79 4.80E-03 4.19E-02 1.53E-09 N/A No 3 N/A r r HI<screening

79Se~~LC Sornum7 4H020 thresholdn

1291 Iodine-129 3.16E-04 2.76E-03 2.05E-09 N/A No 3 N/A thCR or HI<screening

7440-38-2 Arsenic As . 1.443356 1.26E-05 5.62E-08 4.22E-04 No 3 N/A threshold

11CR or HII < screening
7440-41-7 Beryllium Be 2.83E-02 2.47E-07 2.77E-12 1.72E-06 No 3 N/A threshold

16984-48-8 Fluoride F- 0.2720425 2.38E-06 N/A 3.94E-07 No 3 N/A I orHI<screening

7782-49-2 Seleniun Se 1.4717202 1.29E-05 N/A 2.55E-05 No 3 N/A oreHI<screening

7440-28-0 Thallium TI 3.5374614 3.09E-05 N/A 4.65E-03 No 3 N/A Roreh <screening

11CR or HI < screening
7440-62-2 Vanadium V 0.1471675 1.29E-06 N/A 2.67E-06 No 3 N/A threshold

7440-36-0 Antimony Sb 0.5943721 5.19E-06 N/A 1.53E-04 No 3 N/A ILR or HI<screening
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fencellne Incremental Hazard Contaminant Screening Reason for Reason for exclusion In

CASRN Constituent Inventory concentration lifetime Index of potential step Inclusion In risk risk assessment
(Ci or kg) (pCI/L or cancer risk concern assessment

mg/L)
ILCR or HI < screening

7440-42-8 Boron B 0.5943712 5.19E-06 N/A 5.77E-07 No 3 N/A threshold

7439-93-2 Lithium Li 5.66E-02 4.94E-07 N/A 2.45E-07 No 3 N/A CRorHI<screening

7439-98-7 Molybdenum Mo 0.152833 1.34E-06 N/A 2.65E-06 No 3 N/A thCR or HI<screening

14797-55-8 Nitrate N03- 23.051267 2.01E-04 N/A 1.25E-06 No 3 N/A ir r HI<screening

11CR or HI < screening
14797-65-0 Nitrite N02- 20.74614 1.81E-04 N/A 1.79E-05 No 3 N/A threshold

ILCR or HI < screening
7440-31-5 Tin Sn 1.2031239 1.05E-05 N/A 1.90E-07 No 3 N/A threshold

7440-61-1 Uranium U 1.4717489 1.29E-05 4.95E-11 8.05E-06 No 3 N/A ILRoldI<screenIng

ILCR or HI < screening
120-82-1 1,2,4-Trichlorobenzene 6.48E-05 5.66E-10 N/A 1.74E-09 No. 3 N/A throH r

95-954 2,4,5 Trichlorophenol 0.0055299 4.83E-08 N/A 6.412-09 No 3 N/A LR or <screening

88-06-2 2,4,6-Trichlorophenol 5.85E-03 5.11E-08 3.77E-12 6.69E-06 No 3 N/A LCR or HI <screening

121-14-2 2,4-Dinitrotoluene 0.0075286 6.58E-08 N/A 3.281-07 No 3 N/A CR or HI<screening

95573ILCR or HI < screening
95-57-8 2-Chlorophenol 1.04E-02 9.06E-08 N/A 1.90E-07 No 3 N/A tLreshold

110-80-5 2-Ethoxyethanol 5.66E-03 4.95E-08 N/A 2.86E-09 No 3 N/A CRorHI<screening
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Contaminant Screening Reason for Reason for exclusion in

CASRN Constituent Inventory concentration lifetime Hazard or potential se inclusion In risk risk assessment
(Ci or kg) (pCI/L or cancer risk concern step assessment

mg/L)

95-48-7 2-Methylphenol (o-cresol) 0.0203041 1.77E-07 N/A 3.72E-08 No 3 N/A ILCRorHi<screening

106-44-5 4-Methylphenol (p-cresol) 4.62E-02 4.03E-07 N/A 8.34E-07 No 3 N/A RorHI<screening

83-32-9 Acenaphthene 0.0119428 1.041-07 N/A 4.151-08 No 3 N/A iRorHI<screening

ILCR or1II1 < screening
85-68-7 Butylbenzylphthalate 2.12E-03 1.85E-0 N/A 1.18E-09 No 3 N/A threshold

1LCR or HII < screening
108-94-1 Cyclohexanone 1.721-02 1.50E-07 N/A 2.97E-10 No 3 N/A threshold

117-84-0 Di-n-octylphthalate 0.0119508 1.04E-07 N/A 8.95E-07 No 3 N/A 1LCR or H < screening
threshold

206-44-0 Fluoranthene 0.0071601 6.25E-08 N/A 1.002-07 No 3 N/A thrl< ng

87-68-3 Hexachlorobutadiene 2.65E-03 2.32E-08 5.951-11 2.05E-06 No 3 N/A ILCRorHI<screoding

ILCR or III1< screening
67-72-1 Hexachloroethane . 3.80E-05 3.32E-10 1.50E-13 4.55E-09 No 3 N/A thrHessold

nnCRor HII < screening
78-83-1 Isobutanoll 0.0144062 1.26E-07 N/A 4.15E-09 No 3 N/A threshold

-39-4 (3 4.62E-02 4.03E-07 N/A 8.48E-08 No 3 N/A RorI<screening

91-20-3 Naphthalene 4.80E-03 4.19E-08 N/A 4.86E-06 No 3 N/A shR or < screening

n-Butyl alcohol (1- 0.0108183 9.45E-08 N/A 1.13E-06 No 3 N/A R or I<screening
71-36-3_ butanofli threshold______________ ______________________________
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Hazard Contaminant Screening Reason for Reason for exclusion InCASR.N Constituent Inventory' concentration lifetime index of potential step inclusion In risk risk assessment(CI or kg) (pCi/L or cancer risk concern assessment

98-95-3 Nitrobenzene 5.03E-03 4.401-08 N/A 8.351-06 No 3 N/A ILt or HI<screening

621-64-7 N-nitroso-di-n- 6.77E-03 5.91 E-08 1.21 E-09 N/A No 3 N/A ILCR or HI <screening
_____propylamine I_____ ___ threshold

129-00-0 Pyrene 1.15E-02 1.01E-07 N/A 1.48E-07 No 3 N/A ILCR or HI <screening
threshold

110-86-1 Pyridine 7.21E-03 6.301-08 N/A 6.25E-07 No 3 N/A ILCR or HI <screening
threshold

106-46-7 1,4-Dichlorobenzene 1.03E-02 9.04E-08 5.86E-11 7.58E-08 No 3 N/A IR orHI< screening
threshold

87-86-5 Pentachlorophenol 5.20E-03 4.54E-08 2.53E-11 2.461-08 No 3 N/A Ir HI<screening

ILCR or I < screening108-95-2 Phenol 2.36E-02 2.061-07 N/A 6.891-09 No 3 N/A threshold

95-50-1 1,2-Dichlorobenzene 0.0107447 9.39E-08 N/A 1.681-07 No 3 N/A ILCR or 111< screening
threshold

71-55-6 1,1,1-Trichloroethane 5.76E-05 5.03E-10 N/A 9.64E-1 I No 3 N/A Ror! <screening

79-34-5 1,1,2,2-Tetrachloroethane 4.221-05 3.69E-10 2.33E-12 N/A No 3 N/A ILCR or HI < screening
threshold

76-13-1 ,1,2-Trichloro-1,2,2- 6.46E05 5.65&10 N/A 6.71E-12 No 3 N/A ILCR or HI <screening
trifluoroethane threshold

79-00-5 1,1,2-Trichloroethane 4.221-05 3.691-10 6.43E-13 9.26E-10 No 3 N/A ILCR or HI < screening
79-054 1,1,2-TDichloroehne threshold

75-35-4 ),I,Dkcloezhene 6.8013-05 5.9413-10 NIA 1. 1513-09 No 3 NIA th resHold srenn
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Hazard Contaminant Screening Reason for Reason for exclusion in

CASRN Constituent inventory' concentration lifetime index of potential ning Inclusion In risk risk assessment
(CI or kg) (pCI/L or cancer risk concern assessment

mgfL)
ILCR or HI < screening

107-06-2 1,2-Dichloroethane 4.171-05 3.641-10 1.03E-12 3.61E-08 No 3 N/A threshold

ILCR or H-I < screening
79-46-9 2-Nitropropane 1.011-04 8.82E-10 2.34E-10 1.531-08 NO 3 N/A threshold

108-10-1 4-methyl-2-pentanone 8.67E-05 7.57-10 N/A 1.821-10 No 3 N/A ILCR or HI< screening
_____(MIBK) ____________threshold

ILCR or III < screening
7143-2 Benzene 4.04E-05 3.53E-10 3.301-13 4.992-09 No 3 N/A threshold

75-15-0 Carbondisulfide 5.97&05 5.22-10 -N/A 3.13E-10 NO 3 N/A ILCR or HI < screening

56-23-5 Carbon tetrachloride 7.611-05 6.651-10 1.261-12 1.04E-08 No 3 N/A CRorHI<screening

108-90-7 Chlorobenzene 4.991-05 4.361-10 N/A 2.842-09 No 3 N/A throld

75- Chloroethene (vinyl 2.901-05 2.53E-10 6.25E-13 1.732-09 No 3 N/A C or HI <screening
14 chloride) _____ _________ _______threshold

I1CR or I < screening
67-66-3 Chloroform 6.13-05 5.35E-10 1.222-12 5.942-08 No 3 N/A threhold

75-09-2 Dichloromethane 4.94-05 4.32E-10 2.932-14 1.212-10 No 3 N/A tLR or!!<screening

ILCR or III1< screening
141-78-6 Ethyl acetate 6.29E-05 5.492-10 N/A 6.022-12 No 3 N/A CthrHhold

100-414 Ethylbenzene 1.01-04 8.81E-10 9.952-14 4.132-10 No 3 N/A rHo <ng

-3- threshold
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Contaminant Screening Reason for Reason for exclusion In

CASRN Constituent Inventory' concentration lifetime index Screenis g inclusion In risk risk assessment
(Ci or kg) (pCI/L or cancer risk concern assessment

mg/L)

95-47-6 o-Xylene 3.591-05 3.141-10 N/A 1.10-09 No 3 N/A R or HI<screening

106-42-3 p-Xylene 1.15E-04 1.001-09 N/A 3.53E-09 No 3 N/A IhroHd

127-184 Tetrachloroethene 5.31E-05 4.641-10 1.051-13 9.281-10 No 3 N/A CRor <screening

ILCR or Hl < screening
108-88-3 Toluene 4.75E-05 4.15E-10 N/A 3.841-10 No 3 N/A rhI

542-75-6 trans-1,3,-Dichloropropene 4.12E-05 3.59E-10 2.49E-13 6.352-09 No 3 N/A CRorHI<screening

79-01-6 Trichloroethene 8.132-05 7.10E-10 8.94E-12 1.331-08 No 3 N/A thresohld

75-694 Trichlorofluoromethane 6.021-05 5.261-10 N/A 2.811-10 No 3 N/A ILC r HI<screening
threshold

1330-20-7 Xylenes 1.52E-04 1.322-09 N/A 4.66E-09 No 3 N/A ICR or III <screening
threshold

11097-69-1 Aroclors (Total PCBs) 6.80E-04 5.94E-09 1.062-10 1.69E-05 No 3 N/A LR or I <screening

6OCo Cobalt-60 9.021+00 7.88E+01 4.382-05 N/A Yes 5 Cprimar N/AConstituent

152Eu Europium-152 3.142+01 2.74E+02 9.241-05 N/A Yes 5 Crimar N/AConstituent

154Eu Europium-154 4.07E+01 3.55E+02 1.211-04 N/A Yes 5 Cri ent N/A
IE Constituent

1552u Europium-ISS 3.9013401 3.4124+02 14.7813-06 N/A Yes 5 N/A
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Table B-2. Results of Contaminants of Potential Concern Screening Process. (13 sheets)

WMA C
Residual fenceline Incremental Hazard Contaminant Screening Reason for Reason for exclusion inCASRIN Constituent Inventory concentration lifetime index of potential step inclusion In risk risk assessment(CI or kg) (pCI/L or cancer risk concern assessment

mgfL)

238Pu Plutonium-238 1.35E+00 1.18E+01 8.04E-06 N/A Yes 5 Pnmary N/A

242Cm Curium-242 7.88E-02 6.89E-01 1.38E-07 N/A Yes 5 Crimary N/A
Constituent

243Cm Curium-243 1.51E-01 1.32E+00 6.88E-07 N/A Yes 5 Crimary N/A
Constituent

244Cm Curium-244 3.63E+00 3.17E+01 1.381-05 N/A Yes 5 CPrimn N/A
Constituent

94Nb Niobium-94 9.39E+00 8.20E+01 5.05E-05 N/A No 6 N/A nant Immobile,

106Ru Ruthenium-106 1.69E+02 1.47E+03 3.26E-04 N/A No 6 N/A Short-Lived Half-Life 
(1.02 yr)
Short-Lived Half-Life

125Sb Antimony-125 3.17E+01 2.77E+02 1.86E-05 N/A No 6 N/A (1.O -yr)

l34Cs Cesium-134 8.70E+00 7.60E+01 2.691-05 N/A No 6 N/A ConinantImbile,

Cotmnn Immobile,

226Ra Radium-226 2.08E+02 1.82E+03 4.77E-03 N/A No 6 N/A tamnant Immobile,

Notes:
Shaded cells are reported as nondetect for that analyte.
'Inventory in risk assessment calculated at V2 the detection limit
CASRN - Chemical Abstract Symbol Registration Number.

HI -hazard index.
ILCR - incremental lifetime cancer risk.
PCB - polychlorinated biphenyl.

WMA - Waste Management Area.
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APPENDIX C

DETAILED COST BACKUP FOR RETRIEVAL ALTERNATIVES
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Table C-1. Summary of Costs for Retrieval Alternatives.
Alternate Description Subtotal Contingency % Total

A Raw water modified sluicing S1,604,958 S320,992 20 S1,925,950(Current Equipment)$,6498 $292 20 19590

B New modified sluicing with $4,534,988 $1,133,747 25 $5,668,735New Slurry Pump

C Modified sluic g erowe y $7,824,302 $2,347,291 30 $10,171,593

D Mobile Retrieval System $10,101,364 $3,030,409 30 $13,131,774

Estimate Type "Planning/Feasibility" or "Order of Magnitude"

Lead Estimator A. K. Larson INITIAL

Project Manager M. . Sturges/T. L. Sams INITIAL
Approval I*

Date Issued May 5, 2004
Notes:

The degree of accuracy for this type of estimate is assumed to be approximately + or - 40% (Reference DOE G 430.1-1,
Cost Estimating Guide, Chapter 4 - Types of Cost Estimates, dated 03-28-97). Contingency percentages were provided by
the CI 12M HILL Retrieval/Closure Special Projects Manager and applied at each alternative Total Project Cost estimate
total as shown on this summary report.
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Table C-2. Detail Backup for Alternative A. (2 Sheets)

Lbr Total Labo Material unit Mael Subconrc
Description Quantity Unit uatboorst labor Lator Iabor dollars r dteal dolntract Total dollars

I I Ihours

PROJECT MANAGEIMENT

Assume Project Management @ 15% of TPC I LS 2790 2790 $75.00 $209,250.00 $0.00 $0.00 - 209,250.00

ENGINEERING

Prepare Design ECN's (simple) 10 EA 60 600 $90.00 $0.00 $0.00 $0.00 $54,000.00 $54,000.00

CHI2M ILL Design Support 10 EA 20 200 $70.00 $14,000.00 $0.00 $0.00 - _$14,000.00

Title III Engineering @ 30% of Construction I LS 0 0 $0.00 $0.00 $0.00 $0.00 $12,100.00 $12,100.00

NEC Inspection I LS 16 16 $75.00 $1,200.00 $0.00 $0.00 - $1,200.00

Perform IQRPE 1 LS 0 0 $0.00 $0.00 $0.00 $0.00 $5,000.00 $5,000.00

Total Engineering $86,300.00

PROCUREMENT -

I ITL Cover Plates (assume existing) 100 LF 0 0 $0.00 $0.00 $0.00 $0.00 - $0.00

Slider Coupler Connection I EA 0 0 $0.00 $0.00 $8,000.00 $8,000.00 - $8,000.00

Exhauster IEPA Filter I EA 0 0 $0.00 $0.00 $3,500.00 $3,500.00 - $3,500.00

Sales Tax @8.3% - - - - - - - $954.50 - $954.50
Total Procurement $12,454.50

CONSTRUCTION

Reconnect HIHTL AN-106 to C-106

Disconnect AN-106 IIIJITL @ C-103 valve box I LS 40 40 $53.00 $2,120.00 $20200.0$200.00 - $2,320.00

Re-install Existing JITh AN-106 to H1iIITL @ C-106 (Includes Sitework) 100 LF 2 200 $53.00 $10,600.00 $0.00 $0.00 -- $10,600.00

Re-Install Cover Plates I LS 40 40 $53.00 $2,120.00 $0.00 $0.00 - $2,120.00

Connect Heat Trace I LS 24 24 $53.00 $1,272.00 $500.00 $500.00 - $1,772.00

Tank C-106

Re-Connect Electrical at Pump I LS 20 20 $53.00 $1,060.00 $200.00 $200.00 - $1,260.00

Re-install Tank Camera 1 LS 40 40 $53.00 $2,120.00 $200.00 $200.00 - $2,320.00

Re- Setup Retrieval System I LS 240 240 $53.00 $12,720.00 $2,000.00 $2,000.00 - S14,720.00

Re-start/Re-calibrate Exhauster I LS 80 80 $53.00 $4,240.00 $1,000.00 $1,000.00 - $5,240.00

Sub Total Construction - - - 684 - S36,252.00 - 54,100.00 $0.00 $40,352.00

Productivity Factor - (Full Time Respirator Work) Assume 30% - - - 205 - $10,875.60 - -$ - 10,875.60

Weather Delays - Assume 20% - - - 178 - $9,425.52 - - - $9,425.52

Sales Tax on Materials - 8.3% - - - - - - - $340.30 - $340.30

Total Construction - - - 1067 - $56,553.12 - S4,440.30 $0.00 S60,993.42

Construction Support

Prepare Work Packages (Contract) 3 EA 200 600 $75.00 $45,000.00 $0.00 $0.00 - $45,000.00

Crane/Crane Crew (allowance) 2 DAY 0 0 $0.00 $0.00 $0.00 $0.00 $10,000.00 $10,000.00
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Table C-2. Detail Backup for Alternative A. (2 Sheets)

Lsbor Total Labor Labor dollars hlaterial unit IMaterial Subcontract Total dollarsDescription Quantity Unit unit cost haorrt cost dollars dollars

Other Equipment Usage Charges (Pump & Water Tnck) I LS 0 0 $0.00 $0.00 $0.00 $0.00 $7,000.00 $7,000.00

Misc CIG Engrg Support (USQ, Lock/Tag, Pre Job, Excav Permit, etc.) I LS 400 400 $70.00 $28,000.00 $0.00 $0.00 - $28,000.00

II Support 1-4 Ratio I LS 270 270 $66.00 $17,820.00 $0.00 $0.00 - $17,820.00

IIPT Support 1-4 Ratio I LS 270 270 $50.00 $13,500.00 $0.00 $0.00 - $13,500.00

Other Support

CIIG Construction Support I LS 500 500 $78.00 $39,000.00 $0.00 $ 0.00 - $39,000.00

Total Construction and Construction Support - - - 3107 - 199,873.12 - $4,440.30 $17,000.00 $221,313.42

PROCEDURE DEVELOPMENT (assume existing procedures will be used) 50.00

STARTUP AND READINESS
Reference C-Farm CEIS Estimate ($230,000) Assume 50% 1 LS 0 0 $0.00 $0.00 $0.00 $0.00 $115,000.00 $115,000.00

OPERATIONS (Assume 1,870,000 Gallons) _

Assume 3 Campaigns @26 Shifts @ 8 hr/shift (7 man crew) 1 LS 4368 4368 $55.00 $240,240.00 $0.00 $0.00 - $240,240.00

AN-106 DST Transfer to Other DST (Assume 3) 3 EA 256 768 $55.00 $42,240.00 $0.00 $0.00 - $42,240.00

Misc. CIG Engrg Support (SOW's, ECN's, Maintenance, etc.) I LS 1720 1720 $70.00 $120,400.00 $0.00 $0.00 $120,400.00

Total Operations - - - - - - - - - $360,640.00

CHARACTERIZE
Prepare Tank Sampling & Analysis Plan, Work Package(s), RWP - - - - - - - - - $45,000.00

Collect Samples - - - - - - - - - $130,000.00

Analyze Samples at 222-S Lab & Issue Format IV Data Report - -- - - - - - - - $280,000.00

Volume Measurement & Prepare/Issue Volume Calculation - - - - - - - - - $25,000.00

Third-Party Data Validation, CI12M lHILL Verification, & Data Upload - - - - - -- - - $20,000.00

Total Characterize $500,000.00

REASSESS CLOSURE STATUS $100,000.00

TOTAL ALTERNATIVE "A" (TPC) $1,604,957.92

Notes:
Alternative A - Raw Water Modified Sluicing (Current Equipment)
For Alternative A, the current C-106 Modified Sluicing system would be restarted and operated to remove tank waste until the minimum goal is satisfied.

ESTIMATE BASIS: C-1031C- 105 Tank Retrieval Systems Fair Cost Estimate (Requisition #108596) was used for the basis of this estimate. CIG Operations related information was provided by a CIIG Subject Matter Expert, Operations Engineer for Project C-106 Retrieval. Assume all
Construction work to be performed by Plant Forces. Project Management was applied at 15% of Total Project Cost. Title III Engineering cost was based on 300/ of Construction Cost. IIPT costs were developed based on a 4 to I ratio of construction personnel. IlI Technician costs were
also based on a 4 to I ratio of construction personnel. Estimates for Characterization and Reassess of Closure Status were provided by the CIu Retrieval/Closure Special Projects Manager. Assumed no additional procedures will be required for this activity.
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Table C-3. Detail Backup for Alternative B. (3 Sheets)

Description Quantity Unit Labor bor Labor Labor dollars ateraI unit Material Subcontract Total dollars
unit cost j s rate cost dollars dollars

PROJECT M ANAGEM ENT - - J___ 2";00.00

Assume Project Management @ 10% of TPC I LS 5500 5500 $75.00 $412,500.00 $0.00 $0.00 - $412,500.00

ENGINEERING i

Prepare Design ECN's (moderate) 60 EA 80 4800 $90.00 $0.00 $0.00 $0.00 $360,000.00 $360,000.00

CI12M HILL Design Support 60 EA 20 1200 $70.00 $84,000.00 $0.00 $0.00 - $84,000.00

Title III Engineering @ 20% of Construction I LS 0 0 $0.00 $0.00 $0.00 $0.00 $111,700.00 $111,700.00

NEC Inspection I LS 40 40 $75.00 $5,000.00 $0.00 $0.00 -- $5,000.00

Perform IQRPE 1 LS 0 0 $0.00 $0.00 $0.00 $0.00 $20,000.00 $20,000.00

Total Engineering $580,700.00

PROCUREMENT

-111TL Shielding Plates 400 LF 0 0 $0.00 $0.00 $270.00 $108,000.00 - $108,000.00

Slider Coupler Connection I EA 0 0 $0.00 $0.00 $8,000.00 $8,000.00 - $8,000.00

Exhauster Pre & IlEPA Filters I EA 0 0 $0.00 $0.00 $4,000.00 $4,000.00 - $4,000.00

1 III1TL - C-1 03 Valve Pit to C106 (recirculation lines) 400 LF 0 0 $0.00 $0.00 $400.00 $160,000.00 - $160,000.00

Upgrade AN-Farm DST Infrastructure (included w/C-103/C-105 Project) 1 EA 0 0 $0.00 $0.00 $0.00 $0.00 - $0.00

Cover Plates - A Pit & C Pit 2 EA 0 0 $0.00 $0.00 $40,000.00 $80,000.00 - $80,000.00

Supernatant Sluicers 2 EA 0 0 $0.00 $0.00 $70,000.00 $140,000.00 - $140,000.00

Supernatant Sluicer Control Consule (Existing) I EA 0 0 $0.00 $0.00 $0.00 $0.00 - $0.00

Shield Boxes 2 EA 0 0 $0.00 $0.00 $7,000.00 $14,000.00 - $14,000.00

lse Supports 2 EA 0 0 $0.00 $0.00 $2,000.00 $4,000.00 - $4,000.00

Ilose Barns @ Valve Pit 25 LF 0 0 $0.00 $0.00 $411.00 $10,275.00 - $10,275.00

Slurry Pump I EA 0 0 $0.00 $0.00 $500,000.00 $500,000.00 - $500,000.00

Miscellaneous Hydraulic & Electrical Lines I LS 0 0 $0.00 $0.00 $2,OW.00 $2,000.00 - $2,000.00

Flexible Jumpers 5 EA 0 0 $0.00 $0.00 $7,000.00 $35,000.00 - S35,000.00

Burial Boxes 3 EA 0 0 $0.00 $0.00 $7,000.00 $21,000.00 - $21,000.00

Sales Tax @8.3% - - -- - - - - $90,160.83 - $90,160.83

Total Procurement __ $1,176,435.83

CONSTRUCTION

Reconnect IIIIITL AN-106 to C-106

Disconnect AN-106 IIIIITL @ C-103 valve box I LS 40 40 $53.00 $2,120.00 $200.00 $200.00 - $2,320.00

Re-install Existing llIlhTL AN-106 to IIIIITL @ C-106 (Includes Sitework) 100 LF 2 200 $53.00 $10,600.00 $0.00 $0.00 - $10,600.00

Re-Install Cover Plates 1 LS 40 40 $53.00 $2,120.00 $0.00 $000 - $2,120.00

Connect I lent Trace I LS 24 24 $53.00 $1,272.00 $500.00 $500.00 - $1,772.00

Install Slurry Pump - B Pit C-1 06

Construct/Maintain/Disassemble Pit Greenhouse 1 LS 120 120 $53.00 $6,360.00 $15,000.00 $15,000.00 - $21,360.00

Remove Shield Cover & Ilose Support I LS 40 40 $53.00 $2,120.00 $0.00 J 0.00 - 2,120.00

Remove Cover Plate I LS 80 80 $53.00 $4,240.00 $0.00 $0.00 - $4,240.00
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Table C-3. Detail Backup for Alternative B. (3 Sheets)

Description Quantity Unit Labor Total Labor Labor dollars Material unit ateri Subcontract Total dollars
unit cost hours rate cost dollars dollars

Remove Existing Jumper I LS 40 40 $53.00 $2,120.00 $0.00 $0.00 - $2,120.00

Disconnect Electrical Connections 1 LS 40 40 $53.00 $2,120.00 $0.00 $0.00 - $2,120.00

Remove & Dispose of Existing Pump I LS 240 240 $53.00 $12,720.00 $2,000.00 $2,006.00 - $14,720.00
Install New Slurry Pump I LS 160 260 $53.00 $8,480.00 $500.00 $500.00 - $8,980.00
Install New Jumpers 3 EA 40 120 $53.00 $6,360.00 $200.00 $600.00 - $6,960.00
Re-Connect Electrical 1 LS 40 40 $53.00 $2,120.00 $500.00 $500.00 -- $2,620.00

Install Cover Plate, Ilose Support & IIIIITL Shield Box I LS 200 200 $53.00 $10,600.00 $100.00 $100.00 - $10,700.00

Upgrade A Pit C-106

Construct/Maintain/Disassemble Pit Greenhouse I LS 120 120 $53.00 $6,360.00 $15,000.00 $15,000.00 - $21,360.00
Remove & Dispose Cover Blocks I LS 280 280 $53.00 $14,840.00 $1,000.00 $1,000.00 - $15,840.00

Remove & Dispose Misc. Debris I LS 160 160 $53.00 $8,480.00 $500.00 $500.00 - $8,980.00
Remove & Dispose Misc. Equipment (320 Nozzle and Jumper) I LS 160 160 $53.00 $8,480.00 $1,000.00 $1,000.00 - $9,480.00

Install New Supernatant Sluicer / Jumper I LS 180 180 $53.00 $9,540.00 $500.00 $500.00 - $10,040.00

Install Cover Plates, Hose Support & IIIIITL Shield Boxes I LS 200 200 $53.00 $10,600.00 $100.00 $100.00 - $10,700.00
Install IIIITL (A Pit to C-1 03/105 Valve Box) 200 LF 1 200 $53.00 $10,600.00 $0.00 $0.00 - $10,600.00
Miscellaneous Electrical/Ilydraulic Connections I LS 40 40 $53.00 $2,120.00 $0.00 $0.00 - $2,120.00

Upgrade C Pit C-106

Remove & Dispose Cover Blocks I LS 280 280 $53.00 $14,840.00 $1,000.00 $2,000.00 - $15,840.00
Remove & Dispose Misc. Debris I LS 160 160 $53.00 $8,480.00 $500.00 $500.00 - $8,980.00

Remove Existing Sluicer (3i) I LS 80 80 $53.00 $4,240.00 $1,000.00 $1,000.00 - $5,240.00

Install New Supernatant Sluicer / Jumper I LS 180 180 $53.00 $9,540.00 $500.00 $500.00 - $10,040.00

Install Cover Plates, Strongbacks & IIIIITL Shield Boxes I LS 200 200 $53.00 $10,600.00 $100.00 $100.00 - $10,700.00
Install IIIIITL (C Pit to C-103/105 Valve Box) 200 LF 1 200 $53.00 $10,600.00 $0.00 $0.00 - $10,600.00
Miscellaneous Electrical/Ilydraulic Connections 1 LS 40 40 $53.00 $2,120.00 $0.00 $0.00 - $2,120.00

Tank C-106

Re-install Tank Camera I LS 40 40 $53.00 $2,120.00 $200.00 $200.00 - $2,320.00
Re- Setup Retrieval System I LS 240 240 $53.00 $12,720.00 $2,000.00 $2,000.00 - $14,720.00

Re-start/Re-calibrate Exhauster I LS 80 80 $53.00 $4,240.00 $1,000.00 $1,000.00 - $5,240.00

Perform Construction Acceptance Test (CAT) I LS 200 200 $53.00 $10,600.00 $0.00 $0.00 - $10,600.00
Grout Burial Boxes (Grout Provided by Others) I LS 120 120 $53.00 $6,360.00 $0.00 $0.00 - $6,360.00

Sub Total Construction - - - 4544 - $240,832.00 - $43,800.00 - $284,632.00
Productivity Factor - (Full Time Respirator Work) Assume 30% - - - 1363 - $72,249.60 - - - $72,249.60
Weather Delays - Assume 20% - - - 1181 - $62,616.32 - - - $62,616.32
Sales Tax on Materials - 8.3% - - - - - - - $3,635.40 - $3,635.40

Total Construction - - - 7089 - $375,697.92 - S47,435A0 $0.00 $423,133.32
Construction Contractor General Requirements (25% of construction) - - - 1772 - $93,924.48 - - - $93,924.48

Total General Requirements & Construction - - - 8861 - $469,622.40 - $47,435.40 $0.00 $517,057.80
Constuction Contractor Fee @ 8% - - - - - - - $41,364.62
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Table C-3. Detail Backup for Alternative B. (3 Sheets)

Description t labor Labor Labordollars iaterial unit Material Subcontract TotaldollarsDecipinQuantity Unit Labor labor
unit cost hours rate cost dollars dollars

CONSTRUCTION TOTAL - - - 8861 - $469,622.40 - $47,435.40 S0.00 $558,422.42
Construction Support I

Prepare Work Packages 15 EA 200 3000 $75.00 $225,000.00 $0.00 $0.00 - $225,000.00
Crane/Crane Crew (allowance) 20 DAY 0 0 $0.00 $0.00 $0.00 $0.00 $100,000.00 $100,000.00
Other Equipment Usage Charges (Water Truck) 1 LS 0 0 $0.00 $0.00 $0.00 $0.00 $4,200.00 $4,200.00
Misc CIIG Engrg Support (USQ, Lock/Tag, Pre Job, Excav Permit, etc.) I LS 1500 1500 $70.00 $105,000.00 $0.00 $0.00 - $105,000.00
III Support 1-4 Ratio I LS 1770 1770 $66.00 $116,820.00 $0.00 $0.00 - $116,820.00
IPT Support 1-4 Ratio I LS 1770 1770 $50.00 $88,500.00 $0.00 $0.00 - $88,500.00

Burial Fees 675 CF 0 0 $0.00 $0.00 $0.00 $0.00 $13,500.00 $13,500.00
Other Support

CIG Construction Management (20% of construction total) 1 LS 1770 1770 $63.00 $111,510.00 $0.00 $0.00 - $111,510.00
TOTAL CONSTRUCTION & CONSTRUCTION SUPPORT - - - 18671 - $1,116,452.40 $0.00 S47,435.40 $117,700.00 $1,322,952.42

PROCEDURE DEVELOPMENT (assume minor procedure development) $120,000.00
STARTUP AND READINESS

Reference C-Farm CEIS Estimate ($230,000) Assume 100% 1 LS 0 0 $0.00 $0.00 $0.00 $0.00 $230,000.00 S230,000.00
OPERATIONS (Assume 425,000 Gallons)

Assume 20 Shifts @8 hr/shift (7 man crew) I IS 1120 1120 $55.00 $61,600.00 $0.00 $0.00 - $61,600.00
Misc. CHG Engrg Support (SOW's, ECN's, Maintenance, etc.) I LS 440 440 $70.00 $30,800.00 $0.00 $0.00 - $30,800.00

Total Operations $92,400.00
CHARACTERIZE

Prepare Tank Sampling & Analysis Plan, Work Package(s), RWP - - - - - - $45,000.00
Collect Samples - - - - - - -- . - - - $130,000.00
Analyze Samples at 222-S Lab & Issue Format IV Data Report - - - - - -- - - - $280,000.00
Volume Measurement & Prepare/Issue Volume Calculation - - - - $25,000.00
Third-Party Data Validation, CII2M lLL Verification, & Data Upload - - - - - - - - $20,000.00

Total Characterize $500,000.00
REASSESS CLOSURE STATUS $100,000.00

TOTAL ALTERNATIVE "B" (TPC) $4,534,988.25
Notes:

Altemative B - New Modified Sluicing with New Slurry Pump
Alternative B consists of the design, procurement, construction, startup, and operation of an entirely new Modified Sluicing system specifically designed for the sludge residuals in C-106. The system would include new pumps and sluice nozles installed in new risers designed purely to takethe residual volume from current levels to below the minimum volume goal. The new slurry pump may be a progressive cavity, or other type capable of pumping solids. The existing transfer route to the AN-Farm would be used once the C-200 retrievals are completed.
ESTIMATE BASIS: C-103/C-105 Tank Retrieval Systems Fair Cost Estimate (Requisition #108596) was used for the basis of this estimate. CIIG Operations related information was provided by a CHG Subject Matter Expert, Operations Engineer for Project C-1 06 Retrieval. Assume all
Construction work to be performed by Construction Contracts. Project Management was applied at 10% of Total Project Cost. CIG Construction Management was applied at 20% of Total Construction Cost. Construction Contractor General Requirements was applied at 25% of
Construction Cost. Title III Engineering cost was based on 20% of Construction Costs. IIPT costs were developed based on a 4 to I Ratio of construction personnel. II Technician costs were also based on a 4 to I ratio of construction personnel. Estimates for Characterization and Reassessof Closure Status were provided by the CHG Retrieval/Closure Special Projects Manager.
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Table C4. Detail Backup for Alternative C. (3 Sheets)

Description Quantity Unit Labort labor Labor Labor dollars Material unit Material dollars Subcontract Total dollarsunit cost hour rate cost dollars

PROJECT MANAGEMENT
Assume Project Management @ 10% of TPC I LS 9485 9485 575.00 $711,375.00 $0.00 ( $0.00 -- $711,375.00

ENGINEERING
Prepare Design ECN's (moderate) 70 EA 80 5600 $90.00 $0.00 $0.00 $0.00 $504,000.00 $504,000.00
CHI2M IILL Design Support 70 EA 20 1400 $70.00 $98,000.00 $0.00 $0.00 - $98,000.00
Title ITl Engineering @ 20% of Construction I LS 0 0 $0.00 $0.00 $0.00 $0.00 $163,700.00 $163,700.00
NEC Inspection I LS 120 120 $75.00 $9,000.00 $0.00 $0.00 - $9,000.00
Perform IQRPE I LS 0 0 $0.00 $0.00 $0.00 $0.00 $30,000.00 $30,000.00

Total Engineering $804,700.00
PROCUREMENT

liltITL Shielding Plates 100 LF 0 0 $0.00 $0.00 $270.00 $27,000.00 - $27,000.00
Slider Coupler Connection I EA 0 0 $0.00 $0.00 $8,000.00 $8,000.00 - $8,000.00
Exhauster Pre & IIEPA Filters I EA 0 0 $0.00 $0.00 $4,000.00 $4,000.00 - $4,000.00
Upgrade AN-Farm DST Infrastructure (included w/C-103/C-105 Project) I EA 0 0 $0.00 $0.00 $0.00 $0.00 - $0.00
Fabricate New Risers 2 EA 0 0 $0.00 $0.00 $10,000.00 $20,000.00 - $20,000.00
Vacuum Mast . 2 EA 0 0 $0.00 $0.00 $300,000.00 $600,000.00 - $600,000.00
Vacuum System I EA 0 0 $0.00 $0.00 $1,300,000.00 $1,300,000.00 - $1,300,000.00
Control Trailer I EA 0 0 $0.00 $0.00 $250,000.00 $250,000.00 - $250,000.00
Transformer (Substation Existing) I EA 0 0 $0.00 $0.00 $100,000.00 $100,000.00 - $100,000.00
Water Skid I EA 0 0 $0.00 $0.00 $180,000.00 $180,000.00 - $180,000.00
AirSkid I EA 0 0 $0.00 $0.00 $90,000.00 $90,000.00 - $90,000.00
Electrical Distribution Skid I EA 0 0 $0.00 $0.00 $175,000.00 $175,000.00 - $175,000.00
Utility Manifold Skid I EA 0 0 $0.00 $0.00 $150,000.00 $150,000.00 - $150,000.00
Vacuum Hoses I . LS 0 0 $0.00 $0.00 $100,000.00 $100,000.00 - $100,000.00
Electrical Cables I LS 0 0 $0.00 $0.00 $30,000.00 $30,000.00 - $30,000.00
Utility Hoses I LS 0 0 $0.00 $0.00 $10,000.00 $10,000.00 - $10,000.00
Burial Boxes 5 EA 0 0 $0.00 $0.00 $7,000.00 $35,000.00 - $35,000.00

Sales Tax @8.3% - - - $255,557.00 - $255,557.00
Total Procurement S3,334,557.00

CONSTRUCTION

Reconnect HIHTL AN-106 to C-106

Disconnect AN-106 HIHTL @ C-103 valve box I LS 40 40 $53.00 $2,120.00 $200.00 $200.00 - $2,320.00
Re-install Existing IHIITL AN-106 to IHIITL @ C-106 (Includes Sitework) 100 LF 2 200 $53.00 $10,600.00 $0.00 $0.00 - $10,600.00
Re-Install Cover Plates I LS 40 40 $53.00 $2,120.00 $0.00 $0.00 - $2,120.00
Connect) feat Trace I LS 24 24 $53.00 $1,272.00 $500.00 $500.00 - $1,772.00
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I I Labor t Total Labor IIMatferial 7unit , Maeiauolscontract ToadlarDescription Quantity Unit t cost labor L r Labor dollars i ost fterial dollars SUonTotal dollars
unit cos hours raecsdols

Install Vacuum System
Construct/Maintain/Disassemble Pit Greenhouse I LS 200 200 $53.00 $10,600.00 $15,000.00 $15,000.00 - $25,600.00
Install New Risers 2 EA 750 1500 S53.00 $79,500.00 $2,000.00 $4,000.00 - S3,500.00
Install Complete Vacuum System 1 LS 4000 4000 $53.00 $212,000.00 $500.00 $500.00 - $212,500.00
Connect IiITL to Vacuum Batch Vessel 1 EA 200 200 $53.00 $10,600.00 $100.00 $100.00 - $10,700.00
Miscellaneous Vacuum Connections I LS 120 120 $53.00 $6,360.00 $200.00 $200.00 - $6,560.00

Tank C-106
Re-install Tank Camera I LS 40 40 $53.00 $2,120.00 $200.00 $200.00 - $2,320.00
Re- Setup Retrieval System I LS 240 240 $53.00 $12,720.00 $2,000.00 $2,000.00 - $14,720.00
Re-start/Re-calibrate Exhauster I LS 80 80 $53.00 $4,240.00 $1,000.00 $1,000.00 - $5,240.00

Perform Construction Acceptance Test (CAT) I LS 200 200 $53.00 $10,600.00 $0.00 $0.00 - $10,600.00
Grout Burial Boxes (Grout Provided by Others) 1 LS 200 200 $53.00 $10,600.00 $0.00 $0.00 - $10,600.00

Sub Total Construction - - - 7084 - S375,452.00 - $23,700.00 $0.00 S399,152.00

Productivity Factor - (Full Time Respirator Work) Assume 30% - - - 2125 - $112,635.60 - - $112,635.60
Weather Delays - Assume 20% - - - 1842 - $97,617.52 - - - $97,617.52

Sales Tax on Materials - 8.3% - - - $1,967.10 - S,967.10
Total Construction - - - 11051 - $585,705.12 - $25,667.10 $0.00 $611,372.22

Construction Contractor General Requirements (25% of construction) - - - 2763 - $146,426.28 - - $146,426.28

Total General Requirements & Construction - - - 13814 - $732,131.40 - S25,667.10 $0.00 $757,798.50
Construction Contractor Fee @8% -- _- - - $60,623.88

CONSTRUCTION TOTAL - - - 13814 - $732,131.40 - $25,667.10 $0.00 $818,422.38
Construction Support

Prepare Work Packages 20 EA 200 4000 $75.00 S300,000.00 $0.00 $0.00 - $300,000.00

Crane/Crane Crew (allowance) 20 DAY 0 0 $0.00 $0.00 $0.00 $0.00 $100,000.00 $100,000.00
Other Equipment Usage Charges (Water Truck) I LS 0 0 $0.00 $0.00 $0.00 $0.00 $4,200.00 $4,200.00

Misc CIG Engrg Support (USQ, Lock/Tag, Pre Job, Excav Permit, etc.) 1 LS 2000 2000 $70.00 $140,000.00 $0.00 $0.00 - $140,000.00

IlI Support 1-4 Ratio 1 LS 2763 2763 $66.00 $182,358.00 $0.00 $0.00 - $182,358.00
IIPT Support 1-4 Ratio 1 LS 2763 2763 $50.00 $138,150.00 $0.00 $0.00 - $138,150.00
Burial Fees 1125 CF 0 0 $0.00 $0.00 $0.00 $0.00 $22,500.00 $22,500.00

Other Support

CIIG Construction Management (20% of total construction) j LS 3680 3680 $63.00 $231,840.00 $0.00 $0.00 $231,840.00

TOTAL CONSTRUCTION & CONSTRUCTION SUPPORT - - - 29020 - $1,724,479.40 $0.00 $25,667.10 5126,700.00 $1,937,470.38
PROCEDURE DEVELOPMENT (assume minor procedure development) $160,000.00
STARTUP AND READINESS

Reference C-Farm CEIS Estimate ($230,000) Assume 100% 1 LS 0 0 $0.00 $0.00 $0.00 $0.00 $230,000.00 $230,000.00
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Table C-4. Detail Backup for Alternative C. (3 Sheets)

Description Quantity Unit uLit os a bo Labr Labor dollars M oateral unit M aterial dollars ontract Total dollars

uni co hours

OPERATIONS (Assume 225,000 Gallons)

Assume 10 Shifts @ 8 hr/shift (7 man crew) I LS 560 560 $55.00 $30,800.00 $0.00 $0.00 - $30,800.00

Misc. CIIG Engrg Support (SOW's, ECN's, Maintenance, etc.) 1 LS 220 220 $70.00 $15,400.00 $0.00 $0.00 - 15,400.00

Total Operations i S46,200.00

CHARACTERIZE

Prepare Tank Sampling & Analysis Plan, Work Package(s), RWP - - - - - - - - $45,000.00

Collect Samples - - - - - - - - - $130,000.00

Analyze Samples at 222-S Lab & Issue Format IV Data Report -S- - -- -- - - $280,000.00
Volume Measurement & Prepare/Issue Volume Calculation ------- - $25,000.00
Third-Party Data Validation, CII2M HILL Verification, & Data Upload - - - - - - - $20,000.00

Total Characterize $500,000.00

REASSESS CLOSURE STATUS 5100,000.00

TOTAL ALTERNATIVE "C" (TPC) 57,824,302.38

Notes:

Alternative C - Modified Sluicing (Current Equipment) Followed by New Vacuum Retrieval System
Alternative C is based on the use of Modified Sluicing to cleanup the tank bottom and remove as much as is possible in a short period of time (with minimal water). Two new risers would then be installed near or
above the areas where "bergs" of waste are located on the outer edge of the tank. Vacuum system masts would be installed in the new risers to retrieve as much of the granular "bergs" that would fall within the -20-
foot vacuum mast radius. This would be a batch process where waste would be vacuumed into the batch vessel followed by water addition and slurry of the wastes to the AN-farm via the existing C-106 IIIHTL.

ESTIMATE BASIS: C-103/C-105 Tank Retrieval Systems Fair Cost Estimate (Requisition #108596) was used for the basis of this estimate. CHG Operations related information was provided by a CHG Subject Matter
Expert, Operations Engineer for Project C-106 Retrieval. Assume all Construction work to be performed by Construction Contracts. Project Management was applied at 10% of Total Project Cost. CHG Construction
Management was applied at 20% of Total Construction Cost. Construction Contractor General Requirements was applied at 25% of Construction Cost. Title III Engineering cost was based on 20% of Construction
Costs. HPT costs were developed based on a 4 to I Ratio of construction personnel. IH Technician costs were also based on a 4 to I ratio of construction personnel. Estimates for Characterization and Reassess of
Closure Status were provided by the CHG Retrieval/Closure Special Projects Manager.
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Description Quantity Unit unit cos labor rhor Labor dollars Material unit cost Material dollars Subcontract Total dollars

hours

PROJECT MANAGEMENT 9,5

Assume Project Management @ 10% of TPC 1 LS 12245 12245 $75.00 $918,375.00 $0.00 $0.00 - $918,375.00

ENGINEERING

Prepare Design ECN's (moderate) 70 EA 80 5600 $90.00 $00 $0.00 $0.00 $504,000.00 $504,000.00

CH12M HILL Design Support 70 EA 20 1400 $70.00 $98,000.00 $0.00 $0.00 - $98,000.00

Title HI Engineering @ 20% of Construction I LS 0 0 $0.00 $0.00 $0.00 $0.00 $230,800.00 $230,800.00

NEC Inspection I LS 200 200 $75.00 $15,000.00 $0.00 $0.00 - $15,000.00

Perform IQRPE I LS 0 0 $0.00 $0.00 $0.00 $0.00 $30,000.00 $30,000.00

Total Engineering $877,800.00

PROCUREMENT

In-Tank Vehicle (ITV) I EA 0 0 $0.00 $0.00 $1,200,000.00 $1,200,000.00 - $1,200,000.00

IHIITL Shielding Plates 100 LF 0 0 $0.00 $0.00 $270.00 $27,000.00 - $27,000.00

Slider Coupler Connection I EA 0 0 $0.00 $0.00 $8,000.00 $8,000.00 - $8,000.00

Exhauster Pre & I HEPA Filters I EA 0 0 $0.00 $0.00 $4,000.00 $4,000.00 - $4,000.00

Upgrade AN-Farm DST Infrastructure (included w/C-103/C-105 Project) I EA 0 0 $0.00 $0.00 $0.00 $0.00 - $0.00

Fabricate New Risers 3 EA 0 0 $0.00 $0.00 $10,000.00 $30,000.00 - $30,000.00

Vacuum Mast 2 EA 0 0 $0.00 $0.00 $300,000.00 $600,000.00 - $600,000.00

Vacuum System I EA 0 0 $0.00 $0.00 $1,300,000.00 $1,300,000.00 - $1,300,000.00

Control Trailer I EA 0 0 $0.00 $0.00 $250,000.00 $250,000.00 - $250,000.00

Transformer and Substation I EA 0 0 $0.00 $0.00 $190,000.00 $190,000.00 - $190,000.00

Water Skid I EA 0 0 $0.00 $0.00 $180,000.00 $180,000.00 - $180,000.00

Air Skid I EA 0 0 $0.00 $0.00 $90,000.00 $90,000.00 - $90,000.00

Electrical Distribution Skid I EA 0 0 $0.00 $0.00 $175,000.00 $175,000.00 - $175,000.00

Utility Manifold Skid I EA 0 0 $0.00 $0.00 $150,000.00 $150,000.00 - $150,000.00

Vacuum Hoses I LS 0 0 $0.00 $0.00 $100,000.00 $100,000.00 - $100,000.00

Electrical Cables I LS 0 0 $0.00 $0.00 $30,000.00 $30,000.00 - $30,000.00

Utility hoses 1 LS 0 0 $0.00 $0.00 $10,000.00 $10,000.00 - $10,000.00

Burial Boxes 6 EA 0 0 $0.00 $0.00 $7,000.00 $42,000.00 - $42,000.00

Sales Tax @8.3% - - - - - - - $364,038.00 - $364,038.00

Total Procurement $4,750,038.00
CONSTRUCTION -

Reconnect HIHTL AN-106 to C-106

Disconnect AN-106 HuIHTL @ C-103 valve box I LS 40 40 $53.00 $2,120.00 $200.00 $200.00 - $2,320.00

Re-install Existing IIHI TL AN-106 to I IIIITL @ C-1 06 (Includes Sitework) 100 LF 2 200 $53.00 $10,600.00 $0.00 $ $0.00 - $10,600.00
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Table C-5. Detail Backup for Alternative D. (3 Sheets)

Description Quantity Unit uabor Tota Labor r dollars Material unit cost Material dollars Subcontract Total dollarsuIt cost laors rate Lbrdlas Mtrauntcs Mteilolrs dollarshours

Re-Install Cover Plates I LS 40 40 $53.00 $2,120.00 $0.00 $0.00 - $2,120.00

Connect Heat Trace 1 LS 24 24 $53.00 $1,272.00 $500.00 $500.00 - $1,772.00
Install Vacuum System

Construct/Maintain/Disassemble Pit Greenhouse 2 EA 200 400 $53.00 $21,200.00 $15,000.00 $30,000.00 - $51,200.00
Install New Risers (Vacuum Masts) 2 EA 750 1500 $53.00 $79,500.00 $2,000.00 $4,000.00 - $83,500.00
Install New 42" Dia Riser (ITV) I EA 1500 1500 $53.00 $79,500.00 $5,000.00 $5,000.00 - $84,500.00
Install In Tank Vehicle I LS 400 400 $53.00 $21,200.00 $10,000.00 $10,000.00 - $31,200.00
Install Complete Vacuum System I LS 4000 4000 $53.00 $212,000.00 $500.00 $500.00 - $212,500.00
Connect II ITL to Vacuum Batch Vessel I EA 200 200 $53.00 $10,600.00 $100.00 $100.00 - $10,700.00
Miscellaneous Electrical I LS 500 500 $53.00 $26,500.00 $5,000.00 $5,000.00 - $31,500.00
Miscellaneous Vacuum Connections I LS 120 120 $53.00 $6,360.00 S200.00 $200.00 - $6,560.00

Tank C-106
Re-install Tank Camera I LS 40 40 $53.00 $2,120.00 $200.00 $200.00 - $2,320.00
Re- Setup Retrieval System I LS 240 240 $53.00 $12,720.00 $2,000.00 $2,000.00 - $14,720.00
Re-start/Re-calibrate Exhauster I LS 80 80 $53.00 S4,240.00 $1,000.00 $1,000.00 - $5,240.00
Perform Construction Acceptance Test (CAT) I LS 200 200 $53.00 $10,600.00 $0.00 $0.00 - $10,600.00
Grout Burial Boxes (Grout Provided by Others) I LS 240 240 $53.00 $12,720.00 $0.00 $0.00 - $12,720.00

Sub Total Construction - - - 9724 - $515,372.00 - $58,700.00 $0.00 $574,072.00
Productivity Factor -(Full Time Respirator Work) Assume 30% - - - 2917 - $154,611.60 - - $154,611.60

Weather Delays - Assume 20% - - - 2528 - $133,996.72 --- - $133,996.72

Sales Tax on Materials - 8.3% - - - - - $4,872.10 - $4,872.10
Total Construction - - - 15169 - $803,980.32 - S63,572.10 50.00 5867,55242

Construction Contractor General Requirements (25% of construction) - - - 3792 - $200,995.08 - $200,995.08

Total General Requirements & Construction - - - 18962 - $1,004,975.40 - $63,572.10 $0.00 $1,068,547.50
Construction Contractor Fee @ 8% -- - $85,483.80

CONSTRUCTION TOTAL - - - 18962 - $1,004,975.40 - $63,572.10 $0.00 31,154,031.30

Construction Support

Prepare Work Packages 25 EA 200 5000 $75.00 $375,000.00 $0.00 $0.00 - $375,000.00
Crane/Crane Crew (allowance) 25 DAY 0 0 $0.00 $0.00 $0.00 $0.00 $125,000.00 $125,000.00
Misc CIG Engrg Support (USQ, Lock/Tag, Pre Job, Excav Permit, etc.) I LS 3000 3000 $70.00 $210,000.00 $0.00 $0.00 - $210,000.00
III Support 1-4 Ratio I LS 2430 2430 $66.00 $160,380.00 $0.00 $0.00 - $160,380.00
H171 Support 1-4 Ratio I LS 2430 2430 $50.00 $121,500.00 $0.00 $0.00 - $121,500.00
Burial Fees 1350 CF 0 0 $0.00 $0.00 $0.00 $0.00 $27,000.00 $27,000.00

Other Support

CHG Construction Management (20% of total construction) I LS 5000 5000 $63.00 j 315,000.00 $0.00 $0.00 - $315,000.00
TOTAL CONSTRUCTION & CONSTRUCTION SUPPORT - - - 36822 - $2,186,855.40 - $63,572.10 S152,000.00 $2,487,911.30
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Table C-5. Detail Backup for Alternative D. (3 Sheets)

Description Unit abor Total Labor Labor dollars Material unit cost Material dollars Subcontract Total dollars
I I hours

PROCEDURE DEVELOPMENT (assume minor procedure development) $200,000.00

STARTUP AND READINESS-

Reference C-Farm CEIS Estimate ($230,000) Assume 100% 1 LS 0 0 50.00 $0.00 $0.00 $0.00 $230,000.00 $230,000.00

OPERATIONS (Assume 175,000 Gallons)

Assume 8 Shifts @ 8 hr/shift (7 man crew) j LS 448 448 S55.00 $24,640.00 $0.00 $0.00 - $24,640.00

Misc. CHO Engrg Support (SOW's, ECN's, Maintenance, etc.) I LS ISO 180 170.00 $12,600.00 $0.00 $0.00 - $12,600.00

Total Operations $37,240.00

CHARACTERIZE
Prepare Tank Sampling & Analysis Plan, Work Package(s), RWP - - - - - - - - $45,000.00

Collect Samples - -- - - - - -- - $130,000.00

Analyze Samples at 222-S Lab & Issue Format IV Data Report - - - - - - - $280,000.00

Volume Measurement & Prepare/Issue Volume Calculation - - - - - - - $25,000.00

Third-Party Data Validation, CII2M IIILL Verification, & Data Upload -- - - -- -- - $20,000.00

Total Characterize $500,000.00

REASSESS CLOSURE STATUS $100,000.00

TOTAL ALTERNATIVE "D" (TPC) $10,101,364.30

Notes:
Alternative D - Mobile Retrieval System
The Mobile Retrieval System (MRS) consists of a Vacuum Retrieval System in combination with an In-tank Vehicle (ITV). Alternative D consists of the design, procurement, construction, startup, and operation of a new MRS specifically designed for the
sludge residuals in C-106. The existing transfer route to the AN-Farm would be used once the C-200 retrievals are completed. The MRS would operate to remove tank waste until the minimum goal is satisfied. The MRS does generate some water from the
vacuum system and requires significant water to transfer wastes to the AN-Farm.

ESTIMATE BASIS: C-103/C-105 Tank Retrieval Systems Fair Cost Estimate (Requisition #108596) was used for the basis of this estimate. CIIG Operations related information was provided by a CIG Subject Matter
Expert, Operations Engineer for Project C-106 Retrieval. Assume all Construction work to be performed by Construction Contracts. Project Management was applied at 10% of Total Project Cost. CIG Construction

Management was applied at 20% of Total Construction Cost. Construction Contractor General Requirements was applied at 25% of Construction Cost. Title III Engineering cost was based on 20% of Construction
Costs. HPT costs were developed based on a 4 to I Ratio of construction personnel. III Technician costs were also based on a 4 to I ratio of construction personnel. Estimates for Characterization and Reassess of
Closure Status were provided by the CHG Retrieval/Closure Special Projects Manager.
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APPENDIX D

WATER USAGE DATA
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Table D-1. Water Usage Summary Table.

Mobilize Transfer to Increased

Alt. Title waste to Recirculated DST Line Volume Caustic Increased DST evaporatorpump supernatant receiver flushing measure addition storage needed volume
intake tank

Raw Water

A Modified Sluicing 1,810,000 N/A N/A 5,000 40,000 15,000 1,870,000 1,870,000(Current18000
Equipment)

New Modified
B Sluicing with New 425,000 425,000 N/A 35,000 40,000 15,000 90,000 90,000

Slurry Pump

Modified Sluicing

C Vacuum Retre 70,000 N/A 80,000 20,000 40,000 15,000 225,000 225,000

System

D Mobile Retrieval 20,000 N/A 80,000 20,000 40,000 15,000 175,000 175,000
__ _ System I _ __ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Notes:

DST = double-shell tank.
N/A = not applicable.
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D1.0 WATER USAGE BASIS FOR THE FOUR
ALTERNATIVES TO SUPPORT CONTINUED
SST C-106 WASTE RETRIEVAL

The sluicing efficiency in the 2003 SST C-106 sluicing campaign had gradually tapered off to a
very low percentage of solids in the slurry transferred to tank 241-AN-106. As shown in
Table D-2, sluicing efficiencies decreased over the duration of the retrieval as indicated by the
decrease in the volume of waste removed. The second sluicer was installed aner the first two
sluicing runs to increase the efficiency of the waste removal. However, the efficiency of
removal continued to decrease.

Table D-2. 2003 Single-Shell Tank C-106 Sluicing Results for each
sluicing run (volumes in gallons).

Estimated waste Water used Calculated waste Efficiency
before sluicing removed percent

9,701 56,160 4,873 8

7,425 46,472 1,607 3.3
3,738 59,228 857 1.4
4,334 83,501 217 0.3

The amount of waste left in the tank during the above SST C-106 sluicing campaign, including
waste in equipment and on the stiffener rings, is approximately 370 ft3 (2771 gallons). The
amount of waste remaining in the tank based on the upper limit of the 95% confidence interval is
about 3,500 gallons. To assure that the residual waste volume will be less than 360 ft3 (at the
lower limit of the 95% confidence interval), the final waste volume would need to about
2,050 gallons. Therefore, approximately 1,450 gallons would be required to be removed from
the tank.

Based on past practice sluicing, the 2003 SST C-106 sluicing campaign and sluicing experience
and the performance expectations of technologies scheduled for deployment, the following
volume estimates were generated for the alternatives.

D2.0 ALTERNATIVE A - RAW WATER
MODIFIED SLUICING

Sluicing with this alternative is continued with current equipment. At the restart of sluicing,
retrieval efficiencies are assumed to start above the minimum efficiencies observed in the 2003
retrieval campaign due to potential increase in efficiencies possibly realized by operational
experience. However, the efficiency is expected to drop over the duration of the retrieval due to
the diminished affect to break up the solid material. Given these assumptions, the estimate of
water volume for recovery is shown in Table D-3. For the first 80,000 gallons of water, the
amount of waste removed is 237 gallons. This is slightly more than the recovery using 83,000
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gallons in the last sluicing run. A recovery efficiency of 0.07% is assumed for the remainder of
the operation. Total water used for sluicing considering these assumptions is 1,810,000 gallons.

Table D-3. Alternative A - Raw Water Sluicing Using
(Volumes are in Gallons)

Current Equipment

Waste Volume (Cumulative Assumed Waste Waste
(start) \Vater Used water usage) slicien ur ) Removed Remaining

3500 10,000 (10,000) 1.0 100 3400

3400 10,000 (20,000) 0.5 50 3350
3350 10,000 (30,000) 0.3 30 3320

3320 10,000 (40,000) 0.2 20 3300

3300 10,000 (50,000) 0.1 10 3290

3290 10,000 (60,000) 0.1 10 3280

3280 10,000 (70,000) 0.1 10 3270
3270 10,000 (80,000) 0.07 7 3263

3263 1,730,000 (1,810,000) 0.07 1211 2052

However, if the waste removal process using the first 80,000 gallons of water is not as efficient
as indicated or if the extended efficiency is less than 0.07%, additional water usage would be
required to remove 1,450 gallons of waste.

It is recognized that most of the alternatives, including Alternative A arc subjected to additional
water being introduced into the tank besides the sluicing water. Each alternative uses line
flushing water, a volume measurement batch (40,000 gallons), and a caustic addition. Therefore,
with these additions included in the original estimate, the total volume increase in DST volume
from Alternative A is estimated to be 1,870,000 gallons.

D3.0 ALTERNATIVE B- NEW MODIFIED
SLUICING WITH A NEW SLURRY PUMP

In this retrieval alternative, recycled supernatant is used along with a new slurry pump. These
are added theoretically to improve retrieval efficiencies. Assuming these new efficiencies are
realized, approximately 420 gallons are retrieved with the first 80,000 gallons of sluicing.

Table D-4. Alternative B - Recycled Sluicing with New Slurry Pump
(Volumes are in Gallons). (2 sheets)

(Cumulative Assumed
Waste Volume Volume Used sluicing Efficiency Waste Waste

(start) for sluicing (% solids in Removed Remaining
slurry)

3500 10,000 (10,000) 1.0 100 3400

3400 10,000 (20,000) 1.0 100 3300
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Table D-4. Alternative B - Recycled Sluicing with New Slurry Pump
(Volumes are in Gallons). (2 sheets)

(Cumuative Assumed
Waste Volume Volume Used (Cumulative Efciency Waste Waste

(start) for sluicing slucng (% solids in Removed Remaining
slurry)

3300 10,000 (30,000) 0.5 50 3250

3250 10,000 (40,000) 0.5 50 3200

3200 10,000 (50,000) 0.3 30 3170
3170 10,000 (60,000) 0.3 30 3140

3140 10,000 (70,000) 0.3 . 30 3110

3110 10,000 (80,000) 0.3 30 3080
3090 345,000 (425,000) 0.3 1035 2045

This performance results in nearly twice as much recovered waste with 83,000 gallons than was
achieved with Alternative A. The estimated efficiency results from the expectation that the
actual performance of the new sluicing nozzles and the new slurry pump will be improved. After
the first 80,000 gallons of sluicing, the efficiency is assumed to remain at 0.3% for the remainder
of the run. This efficiency is similar to the efficiency during the last sluicing run described by
Alternative A (<0.3%). However, these efficiencies may not be achievable through to the
completion of the campaign.

The total volume for retrieval is 425,000 gallons. However, the sluicing medium is supernatant
from the DST, and the total volume increase in DST volume for Alternative B is estimated to be
90,000 gallons. If the waste removal using the first 80,000 gallons is not as successful as shown
or if the extended efficiency is less than 0.3%, additional sluicing would be required to remove
1,450 gallons of waste.

D4.0 AITERNATIVESC- MODIFIED SLUICING
FOLLOWED BY NEW VACUUM
RETRIEVAL SYSTEM

In this configuration, modified sluicing with existing equipment is used to remove waste until the
efficiency drops as shown in Table D-5. The remainder of the waste is removed using a vacuum
retrieval system. The vacuum system uses a very small amount of water for in-tank retrieval
including transfer water to transfer the waste to the DST AN-106.
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Table D-5. Alternative C - Modified Sluicing Followed by Vacuum Retrieval
(Volumes arc in Gallons).

Assumed
Waste Volume Water Used (Cumulative Efficiency Waste Removed Waste

(start) water usage) (% solids in Remaining
slurry)

3,500 10,000 (10,000) 1.0 100 3,400

3,400 10,000 (20,000) 0.5 50 3,350

3,350 10,000 (30,000) 0.3 30 . 3,320
3,320 10,000 (40,000) 0.2 20 3,300
3,300 10,000 (50,000) 0.1 10 3,290
3,290 20,000 (70,000) vacuum 1,240 2,050

The first 50,000 gallons of water removes about 210 gallons of waste, and the vacuum system
removes an additional 1,240 gallons. The total volume increase in DST volume for
Alternative C is estimated to be 225,000 gallons. However, if the waste removal during the first
50,000 gallons of water is not as successful as shown or if the vacuum system is not as efficient
as estimated, additional water usage would be required to remove 1,450 gallons of waste.

D5.0 ALTERNATIVED-MOBIIFRETRIEVAI,
SYSTEM

In this configuration, the system uses water as efficiently as the vacuum system in Alternative C
without the use of sluicing. The total volume increase in DST volume from this operation is
estimated to be 175,000 gallons. If the waste removal is not as efficient as estimated, additional
water usage would be required to remove 1,450 gallons of waste.
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APPENDIX E

SINGLE-SHELL TANK 241-C-106 INVENTORY PROJECTIONS FOR VARYING
VOLUMES
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241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
Inventory Inventory inventory inventory Inventory Inventory Inventory Inventory inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.flt. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cuAt. 100 cu.flt.

N/A Aroclors(TotalPCBs) 1.891-03 1.701-03 1.52E-03 1.36-03 1.14E-03 9.47-04 7.58E-04 5.68E-04 3.792-04

100-02-7 4-Nitrophenol 1.59E-02 1.432-02 1.27E-02 1.142-02 9.512-03 7.932-03 6.341-03 4.76E-03 3.172-03

100-414 Ethylbenzene 2.81E-04 2.532-04 2.252-04 2.021-04 1.691-04 1.412-04 1.121-04 8.43E-05 5.621-05

106-42-3 p-Xylene 3.20E-04 2.881-04 2.561-04 2.30-04 1.921-04 1.602-04 1.281-04 9.60E-05 6.401-05

106-46-7 1,4-Dichlorobenzene 2.882-02 2.59-02 2.31E-02 2.071-02 1.731-02 1.44E-02 1.151-02 8.641-03 5.761-03

107-06-2 1,2-Dichloroethane 1.162-04 1.041-04 9.281-05 8.331-05 6.961-05 5.801-05 4.642-05 3.481-05 2.322-05

108-10-1 4-Methyl-2-pentanone 2.421-04 2.171-04 1.932-04 1.731-04 1.45E-04 1.21E-04 9.66E-05 7.251-05 4.83E-05
(hexone)

108-38-3 m-Xylene 3.201-04 2.88E-04 2.561-04 2.30E-04 1.92-04 1.602-04 1.282-04 9.601-05 6.402-05

108-88-3 Toluene 1.322-04 1.192-04 1.061-04 9.51-05 7.95E-05 6.622-05 5.30E-05 3.972-05 2.65E-05

108-90-7 Chlorobenzene 1.39E-04 1.252-04 1.11E-04 9.972-05 8.34E-05 6.952-05 5.561-05 4.172-05 2.782-05

108-94-1 Cyclohexanone 4.80E-02 4.32-02 3.84E-02 3.452-02 2.882-02 2.402-02 1.922-02 1.441-02 9.60E-03

108-95-2 Phenol 6.58E-02 5.92E-02 5.262-02 4.721-02 3.952-02 3.29-02 2.632-02 1.97E-02 1.322-02

110-80-5 2-Ethoxyethanol 1.582-02 1.42E-02 1.262-02 1.13-02 9.462-03 7.89E-03 6.31E-03 4.73E-03 3.15E-03

110-86-1 Pyridine 2.01E-02 1.812-02 1.61E-02 1.442-02 1.21E-02 1.002-02 8.042-03 6.031-03 4.022-03

117-84-0 Di-n-octylphthalate 3.332-02 3.002-02 2.66E-02 2.391-02 2.002-02 1.662-02 1.332-02 9.992-03 6.662-03

120-82-1 1,4-Trichlorobenzene 1.81E-04 1.631-04 1.44E-04 1.302-04 1.082-04 9.032-05 7.222-05 5.422-05 3.612-05

121-14-2 2,4-Dinitrotoluene 2.102-02 1.89E-02 1.682-02 1.512-02 1.262-02 1.05E-02 8.392-03 6.291-03 4.192-03

12311-97-6 byIC 4.92E+01 4.43E+01 3.94E+01 3.53E+01 2.952+01 2.46E+01 1.972+01 1.48E+01 9.852+00
DIONEX 500 cot . . .

1714 Tetmachloroethene 1.4823-04 1.33E-04 11.1813-04 1.0623-04 18.87E-05 7.39"-5 5.912E-05 4A32-0O5 2.96E-05
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241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)

Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
inventory inventory Inventory Inventory Inventory inventory Inventory inventory inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (g) (Kg) (Kg)
500 cu.ft. 450 cu.ft. 400 cu.1t. 359 cu.ft. 300 cu.fLt. 250 cu.ft. 200 cu.ft. 150 cu.flt. 100 cu.fLt.

128-37-0 2,&tbigeteyp 2.03E-02 1.83E-02 1.63E-02 1.46E-02 1.22E-02 1.022-02 8.13E-03 6.10E-03 4.071-03
_________butyl)4Methylphenol _____ __________ __________

129-00-0 Pyrene 3.22E-02 2.89E-02 2.57E-02 2.31E-02 1.931-02 1.61E-02 1.29E-02 9.65E-03 6.43E-03

1319-77-3 3 & 4 Methylphenol 2.571-01 2.31E-01 2.05E-01 1.84E-01 1.54E-01 1.28E-01 1.03E-01 7.702-02 5.14E-02Total

1319-77-3 Total Methylphenols 8.12E-02 7.31E-02 6.49E-02 5.832-02 4.872-02 4.06E-02 3.252-02 2.44E-02 1.622-02

1330-20-7 Xylenes (total) 4.22E-04 3.80E-04 3.38E-04 3.03E-04 2.531-04 2.11E-04 1.69E-04 1.272-04 8.45E-05

13494-80-9 Telluzium-ICP-Acid 3.352+00 3,022+00 2.682+00 2.412+00 2.01E+00 1.68E+00 1.34E+00 1.012+00 6.70E-01
Dilution

141-78-6 Ethyl acetate 1.75E-04 1.58E-04 1.402-04 1.26E-04 1.052-04 8.75E-05 7.00E-05 5.251-05 3.50E-05

14265-44-2 Phosphate-IC-Dionex 5.78E+01 5,202+01 4.62E+01 4.15E+01 3.47E+01 2.89E+01 2.312+01 1.732+01 1.16E+01500 cot

14797-55-8 Nitrate-IC-Dionex 500 6.42E+01 5.782+01 5.141+01 4.612+01 3.852+01 3.21E+01 2.57E+01 1.931+01 1.282+01
cot

14797-65-0 Nitrite-IC-Dionex 500 5.78E+01 5.202+01 4.62E+01 4.152+01 3.47E+01 2.892+01 2.31E+01 1.732+01 1.162+01cot

14798-03-9 Ammium Ion-IC- 1.352+00 1,222+00 1.082+00 9.702-01 8.10E-01 6.752-01 5.40E-01 4.052-01 2.702-01
Dionex 100

14808-79-8 Sulfate-IC-Dionex 500 6.852+01 6,162+01 5.48E+01 4.92E+01 4.11E+01 3.42E+01 2.74E+01 2.052+01 1.372+01
cot

16887-00-6 Chloride-IC-Dionex 8.572+00 7.71E+00 6.85E+00 6.15E+00 5.142+00 4.282+00 3.432+00 2.57E+00 1.71E+00500 co-

16848- cRodd-CDte 0 .8-1 &2-1 6020 5.4413-01 4.552-01 3.7923-01 3.0323-01 2.272-01 1.5211-01
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
Inventory Inventory Inventory inventory Inventory Inventory inventory Inventory inventory

CAS Constituent (Kg) (Kg) - (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)
500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.flt. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

18496-25-8 SulfidebyMicrodist.& 1.902-01 1.71E-01 1.521-01 1.371-01 1.14-01 9.51E-02 7.61E-02 5.711-02 3.811-021SE

206-44-0 Fluoranthene 1.99E-02 1.80E-02 1.601-02 1.433-02 1.202-02 9.971-03 7.981-03 5.981-03 3.991-03

24959-67-9 Bromide-lC-Dionex 6.21E+01 5.59E+01 4.97E+01 4.46E+01 3.72E+01 3.10E+01 2.48E+01 1.86E+01 1.241+01500 col1

338-70-5 Oxalate-IC-Dionex 500 4.632+02 4.17E+02 3.71E+02 3.33E+02 2.78E+02 2.32E+02 1.85E+02 1.39E+02 9.26E+01
col

542-75-6 trans-o,3- 1.152-04 1.032-04 9.17E-05 8.231-05 6.88E-05 5.73E-05 4.592-05 3.441-05 2.292-05
Dichloropropene

56-23-5 Carbon Tetrachloride 2.122-04 1.91-04 1.701-04 1.522-04 1.27E-04 1.06E-04 8.48E-05 6.3605 4.242-05

57-12-5 Cyanide EDTA 1.09E-01 9.802-02 8.712-02 7.821-02 6.53E-02 5.452-02 4.361-02 3.271-02 2.18-02
Addition

59-50-7 methlphenol 1.071-02 9.59E-03 8.521-03 7.651-03 6.392-03 5.332-03 4.262-03 3.201-03 2.13E-03

59-89-2 N-Nitrosomorpholine 1.672-02 1.50E-02 1.342-02 1.201-02 1.001-02 8.351-03 6.68E-03 5.011-03 3.342-03

60-29-7 Diethyl ether(ethyl 1.582-04 1.422-04 1.272-04 1.14E-04 9.492-05 7.91-05 6.331-05 4.751-05 3.161-05
ether) _________________ _____ _____ _________ __

621-64-7 N-Nitroso-di-n- 1.892-02 1.702-02 1.51E-02 1.35E-02 1.13E-02 9.432-03 7.542-03 5.661-03 3.771-03
propylamine

666-14-8 G!ycolate-IC-Dionex 4.07E+01 3.662+01 3.252+01 2.92E+01 2.44E+01 2.03E+01 1.632+01 1.222+01 8.132+00
500 OROACD

67-64-1 Acetone 1.812-03 1.631-03 1.452-03 1.302-03 1.091-03 9.072-04 7.252-04 5.441-04 3.632-04

67-66-3 Chloroform 1.712-04 1.542-04 1.372-04 1.232-04 1.022-04 8.531-05 6.832-05 5.122-05 3A1-05

67-72-1 Hexachloroethane 1.062-04 9.54-05 8.482-05 7.61E-05 6.362-05 5.302-05 4.242-05 3.181-05 2.121-05

71-36-3 1-Butanol 3.012-02 2.712-02 2.412-02 2.162-02 1.812-02 1.51E-02 1.212-02 9.042-03 6.03E-03

CA
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
Inventory inventory inventory inventory Inventory inventory Inventory inventory Inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)
500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

71-43-2 Benzene 1.13E-04 1.01E-04 9.00E-05 8.08E-05 6.75E-05 5.63E-05 4.50E-05 3.38E-05 2.25E-05

5Aetate by IC-Dionex 4.92E+01 4.43E+01 3.94E+01 3.53E+01 2.95E+01 2.462+01 1.97E+01 1.48E+01 9.85E+00

71-55-6 1,1,1-Trichloroethane 1.602-04 1.44E-04 1.282-04 1.15E-04 9.62E-05 8.02E-05 6.41E-05 4.81E-05 3.21E-05

7429-90-5 Aluminum-ICP-Acid 5.33E+02 4.80E+02 4.27E+02 3.83E+02 3.20E+02 2.67E+02 2.132+02 1.60E+02 1.071+02Dil.

7439-89-6 Iron-ICP-Acid Dil. 2.89E+02 2.60E+02 2.31E+02 2.07E+02 1.73E+02 1.44E+02 1.15E+02 8.66E+01 5.77E+01.

7439-91-0 Lanthanum-!CP-Acid 3.41E+00 3.07E+00 2.73E+00 2.45E+00 2.052+00 1.712+00 1.362+00 1.02E+00 6.82E-01Dii.

7439-92-1 Lead-ICP-Acid Dil. 3.58E+01 3.22E+01 2.86E+01 2.573+01 2.15E+01 1.793+01 1.43E+01 1.07E+01 7.151+00

7439-93-2 Lithium-ICP-Acid Dil. 1.58E-01 1.42E-01 1.262-01 1.132-01 9.46E-02 7.88E-02 6.312-02 4.732-02 3.151-02

7439-95-4 Magnesium-ICP-Acid 9.91E+00 8.92E+00 7.93E+00 7.11E+00 5.95E+00 4.95E+00 3.96E+00 2.97E+00 1.98E+00
Dil.

7439-96-5 Manganese-ICP-Acid 7.66E+02 6.901+02 6.132+02 5.50E+02 4.601+02 3.83E+02 3.07E+02 2.30E+02 1.53E+02
Dii.III

7439-97-6 by CVAA 2.69E+00 2.42E+00 2.15E+00 1.93E+00 1.61E+00 1.34E+00 1.082+00 8.072-01 5.38E-017439-97-6 (PE) iiih HAS

7439-98-7 Molybdenum-TCP-Acid 4.26E-01 3.83E-01 3A1E-01 3.062-01 2.55E-01 2.13E-01 1.702-01 1.28E-01 8.51E-02Dil.1

7440-00-8 Nt'ymllum-ICP-Acid 1.26E+01 1.13E+01 1.002+01 9.022+00 7.54E+00 6.28E+00 5.022+00 3.77E+00 2.512+00Dii.

7440-02-0 Nickel-ICP-Acid Dil. 4.213+01 3.79E+01 3.37E+01 3.02E+01 2.53E+01 2.10E+01 1.68E+01 1.26E+01 8.42E+00

7440-03-1 Niobium-ICP-Acid 5.902+00 5.31E+00 4.721+00 4.24E+00 3.54E+00 2.95E+00 2.36E+00 1.77E+00 1.18E+00
Digest _ _ _ _ _ _____ _ _ _ _ _ _____ _____ _ _ _ _ _ _____ ___ __

Mn
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Table E-1 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
inventory inventory Inventory Inventory inventory Inventory Inventory Inventory Inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cult. 359 cult. 300 cu.ft. 250 cu.ft. 200 cult. 150 cu.ft. 100 cult.

7440-05-3 Palladium-ICP-Acid 9.85E+00 8.87E+00 7.88E+00 7.08E+00 5.91E+00 4.93E+00 3.941+00 2.96E+00 1.97E+00
Dil

7440-09-7 Potassium-ICP-Acid 2.472+01 2.22E+01 1.97E+01 1.77E+01 1.48E+01 1.232+01 9.87E+00 7.40E+00 4.94E+00
Dii.I11

7440-10-0 Praseodymium-IC? 7.52E+00 6.77E+00 6.02E+00 5.40E+00 4.51E+00 3.76E+00 3.01E+00 2.262+00 1.50E+00
Acid Dilution

7440-16-6 Rhodium-ICP-Acid 3.42E+00 3.072+00 2.73E+00 2.45E+00 2.05E+00 1.71E+00 1.37E+00 1.02E+00 6.83E-01
166Dilution

7440-17-7 Rubidium-ICP-Acid 3.35E+01 3.02E+01 2.68E+01 2.41E+01 2.01E+01 1.68E+01 1.34E+01 1.012+01 6.70E+00
Dilution

7440-18-8 DRuthenium CP-Acid 3.35E+00 3.02E+00 2.68E+00 2.41E+00 2.01E+00 1.68E+00 1.341+00 1.01E+00 6.70E-01

7440-19-9 Samarium-ICP-Acid 3.50E+00 3.152+00 2.80E+00 2.51E+00 2.10E+00 1.75E+00 1.40E+00 1.05E+00 7.00E-01
Dil.

7440-21-3 Silicon-ICP-Acid Dil. 2.23E+01 2.012+01 1.79E+01 1.60E+01 1.34E+01 1.122+01 8.93E+00 6.70E+00 4.47E+00

7440-22-4 Silver-ICP-Acid Dii. 1.09E+01 9.84E+00 8.75E+00 7.852+00 6.562+00 5.47E+00 4.37E+00 3.28E+00 2.192+00

7440-23-5 Sodium-ICP-Acid Dil. 2.63E+02 2.37E+02 2.102+02 1.89E+02 1.58E+02 1.31E+02 1.05E+02 7.892+01 5.262+01

7440-24-6 Srontium-ICP-Acid 2.552+00 2.292+00 2.04E+00 1.83E+00 1.53E+00 1.272+00 1.02E+00 7.64E-01 5.102-01
Dii.

7440-25-7 Tantalum-ICP-Acid 3.35E+00 3.02E+00 2.68E+00 2.41E+00 2.01E+00 1.682+00 1.342+00 1.01E+00 6.702-01
Dil.

7440-28-0 Thallium-ICP-Acid Dil. 9.85E+00 8.87E+00 7.88E+00 7.07E+00 5.92E+00 4.93E+00 3.94E+00 2.96E+00 1.97E+00

7440.29-1 onum-ICP-Acid 4.342+00 3.91E+00 3.47E+00 3.122+00 2.61E+00 2.172+00 1.74E+00 1.30E+00 8.692-01
Dilution .

74-15 Tin -ICP-Acid Dii. 3.3513400 3.0223400 2.6824+00 2.4124+00 2.0124+00 1.6823+00 1.3423+00 1.0113+00 16.7013-01

MA
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
Inventory inventory Inventory Inventory Inventory inventory Inventory Inventory inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

7440-32-6 Titanium-ICP-Acid Dil. 5.37E-01 4.83E-01 4.301-01 3.862-01 3.221-01 2.69E-01 2.15E-01 1.61E-01 1.07E-01

7440-337 Tungsten -ICP-Acid 6.592+00 5.93E+00 5.27E+00 4.73E+00 3.96E+00 3.30E+00 2.64E+00 1.98E+00 1.32E+00

7440-36-0 Antimony-ICP-Acid 1.66E+00 1.49E+00 1.322+00 1.19E+00 9.93E-01 8.28E-01 6.622-01 4.972-01 3.31E-01Dii.

7440-38-2 Arsenic-ICP-Acid Dil. 4.022+00 3.62E+00 3.222+00 2.89E+00 2.41E+00 2.01E+00 1.61E+00 1.21E+00 8.04E-01

7440-39-3 Barium-ICP-Acid Dil. 2.28E+00 2.051+00 1.83E+00 1.64E+00 1.37E+00 1.14E+00 9.132-01 6.85E-01 4.56E-01

7440-41-7 Berylliur-ICP-Acid 7.88E-02 7.101-02 6.31E-02 5.66E-02 4.732-02 3.94E-02 3.15E-02 2.37E-02 1.58E-02Dii.II

744042-B Boron-XCP-AcidDil. 1.66E+00 1.49E+00 1.32E+00 1.19E+00 9.932-01 8.28E-01 6.62E-01 4.97E-01 3.31E-01

7440-43-9 Cadmium-ICP-Acid 2.012+00 1.81E+00 1.61E+00 1.44E+00 1.21E+00 1.01E+00 8.05E-01 6.04E-01 4.021-01Dii.

744045-1 Cerium-ICP-Acid Dil. 7.95E+00 7.15E+00 6.36E+00 5.71E+00 4.77E+00 3.97E+00 3.18E+00 2.38E+00 1.59E+00

7440-47-3 Chrormiurn-CP-Acid 5.27E+00 4.75E+00 4.22E+00 3.79E+00 3.162+00 2.64E+00 2.11E+00 1.58E+00 1.05E+00Dii.II

7440-484 Cobalt-ICP-Acid Dil. 5.24E-01 4.722-01 4.19E-01 3.761-01 3.142-01 2.621-01 2.10E-01 1.57E-01 1.05E-01

7440-50-8 Copper-ICP-Acid Dil. 3.22E+00 2.90E+00 2.582+00 2.312+00 1.932+00 1.61E+00 1.29E+00 9.66E-01 6.44E-01

7440-53-1 Europium ICP-Acid 8.672-01 7.802-01 6.942-01 6.232-01 5.202-01 4.34E-01 3.472-01 2.60E-01 1.73E-01Di!.

7440-61-1 Uranium-ICP-Acid Dil. 4.10E+00 3.69E+00 3.281+00 2.94E+00 2.46E+00 2.05E+00 1.642+00 1.23E+00 8.202-01

7440-62-2 Vanadium-ICP-Acid 4.102-01 3.69E-01 3.28E-01 2.942-01 2.46E-01 2.05E-01 1.642-01 1.23E-01 8.202-02Di7. I E . .

74655 Yttriun -ICP-Acid 2.3613+00 2.1323+00 1.8923+00 1.702+00 I1A213400 1.1823400 9.4513-0! 7.0913-01 4.7313-01DilutionIIIII
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Table E-l 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
Inventory Inventory Inventory Inventory inventory Inventory Inventory inventory inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cult. 400 cu.ft. 359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.flt. 100 cu.ft.

7440-66-6 Zinc-ICP-Acid Dil. 2.97E+00 2.67E+00 2.37E+00 2.13E+00 1.78E+00 1.48E+00 1.19E+00 8.90E-01 5.93E-01

7440-67-7 Zirconium-lCP-Acid 3.89E+00 3.50E+00 3.11E+00 2.792+00 2.33E+00 1.942+00 1.56E+00 1.172+00 7.78E-01Dii.1

7440-69-9 Bismuth-ICP-AcidDil. 4.102+00 3.69E+00 3.28E+00 2.94E+00 2.46E+00 2.05E+00 1.64E+00 1.23E+00 8.20E-01

7440-70-2 Calcium-ICP-Acid Dil. 1.64E+02 1.48E+02 1.31E+02 1.182+02 9.842+01 8.20E+01 6.56E+01 4.92E+01 3.28E+01

75-014 Vinyl Chloride 8.09E-05 7.272-05 6.46E-05 5.80E-05 4.85E-05 4.04E-05 3.23E-05 2.422-05 1.621-05

75-09-2 Methylene Chloride 1.382-04 1.24E-04 1.10E-04 9.882-05 8.26E-05 6.88E-05 5.502-05 4.132-05 2.75E-05

75-15-0 Carbon Disulfide 1.66E-04 1.50E-04 1.33E-04 1.19E-04 9.98E-05 8.32E-05 6.661-05 4.99E-05 3.33E-05

75-35-4 1,1-Dichloroethene 1.892-04 1.702-04 1.51E-04 1.36E-04 1.14E-04 9.471-05 7.572-05 5.68E-05 3.792-05

75-69-4 Trichlorofluoromethane 1.68E-04 1.51E-04 1.34E-04 1.20E-04 1.01E-04 8.39E-05 6.71E-05 5.03E-05 3.36E-05

76-13-1 , 2-ri o-',2,2- 1.802-04 1.62E-04 1.442-04 1.29E-04 1.08E-04 9.00E-05 7.20E-05 5.40E-05 3.60E-05

7704-34-9 Sulfur-ICP-Acid Dil. 1.822+00 1.63E+00 1.452+00 1.30E+00 1.09E+00 9.082-01 7.26E-01 5.452-01 3.632-01

7723-14-0 Phosphorus-ICP-Acid 4.10E+01 3.69E+01 3.28E+01 2.942+01 2.46E+01 2.052+01 1.64E+01 1.23E+01 8.20E+00Dii.

778249-2 Selenium-ICP-Acid Dil. 4.10E+00 3.692+00 3.28E+00 2.94E+00 2.462+00 2.052+00 1.64E+00 1.232+00 8.20E-01

78-83-1 Isobutanol 4.01E-02 3.612-02 3.21E-02 2.88E-02 2.41E-02 2.01E-02 1.612-02 1.202-02 8.03E-03

78-93-3 2-Butanone 6.232-04 5.612-04 4.992-04 4.482-04 3.742-04 3.12E-04 2A9E-04 1.87E-04 1.25E-04

79-00-5 1,1,2-Trichloroethane 1.181-04 1.062-04 9.40E-05 8.44E-05 7.052-05 5.88E-05 4.70E-05 3.53E-05 2.35E-05

79-01-6 Trichloroethene 2.26E-04 2.042-04 1.81E-04 1.63E-04 1.36E-04 1.13E-04 9.05E-05 6.79E-05 4.53E-05

79-34-5 1 hloroethane 1.181-04 1.062-04 9.41E-05 8.45E-05 7.062-05 5.882-05 4.71E-05 3.53E-05 2.35E-05

79-46-9 2-Nitropropane 2.812-04 2.53E-04 2.25E-04 2.022-04 1.692-04 1.41E-04 1.13E-04 8.44E-05 5.63E-05
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Table E-1. 241-C-106 Inventory Projections for Varying Volumes for Radionuclides. (8 sheets)
Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank Total tank
Inventory inventory Inventory Inventory inventory Inventory Inventory Inventory Inventory

CAS Constituent (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.ft. 100 cu.ft.

83-32-9 Acenaphthene 3.33E-02 2.99E-02 2.66E-02 2.39E-02 2.002-02 1.66E-02 1.33E-02 9.982-03 6.65E-03

84-74-2 Di-n-butylphthalate 5.93E-03 5.332-03 4.74E-03 4.261-03 3.56E-03 2.96E-03 2.37E-03 1.781-03 1.19E-03

85-68-7 Iutylbenzylphthalate 5.90E-03 5.31E-03 4.722-03 4.242-03 3.542-03 2.95E-03 2.36E-03 1.77E-03 1.181-03

87-68-3 Hexachlorobutadiene 7.39E-03 6.65E-03 5.91E-03 5.31E-03 4.442-03 3.702-03 2.96E-03 2.22E-03 1.48E-03

87-86-5 Pentachlorophenol 1.45E-02 1.302-02 1.162-02 1.04E-02 8.69E-03 7.242-03 5.792-03 4.352-03 2.90E-03

88-06-2 2,4,6-Trichlorophenol 1.632-02 1.47E-02 1.30E-02 1.17E-02 9.772-03 8.14E-03 6.51E-03 4.892-03 3.262-03

88-75-5 2-Nitrophenol 3.44E-02 3.10E-02 2.751-02 2.472-02 2.07E-02 1.722-02 1.38E-02 1.032-02 6.88E-03

91-20-3 Naphthalene 1.34E-02 1.202-02 1.07E-02 9.60E-03 8.02E-03 6.68E-03 5.35E-03 4.01E-03 2.672-03

9547-6 o-Xylene 1.00E-04 9.00E-05 8.002-05 7.18E-05 6.00E-05 5.001-05 4.002-05 3.00E-05 2.002-05

95-48-7 2-Methylphenol 5.66E-02 5.092-02 4.522-02 4.06E-02 3.392-02 2.832-02 2.26E-02 1.70E-02 1.132-02

95-50-1 1,2-Dichlorobenzene 2.99E-02 2.69E-02 2.39E-02 2.15E-02 1.80E-02 1.50E-02 1.20E-02 8.98E-03 5.99E-03

95-57-8 2-Chlorophenol 2.891-02 2.602-02 2.31E-02 2.07E-02 1.732-02 1.442-02 1.16E-02 8.67E-03 5.782-03 0

95-95-4 2,4,5-Trichlorophenol 1.54E-02 1.39E-02 1.23E-02 1.111-02 9.24E-03 7.70E-03 6.16E-03 4.62E-03 3.08E-03

98-95-3 Nitrobenzene 1.40E-02 1.26E-02 1.122-02 1.01E-02 8.41E-03 7.01E-03 5.61E-03 4.21E-03 2.80E-03

ALK Hydroxide 2.252+00 2.25E+00 2.25E+00 2.25E+00 2.25E+00 2.25E+00 2.25E+00 2.25E+00 2.25E+00
Notes:

CVAA = Cold vapor atomic absorption.
EDTA - ethylenediainetetracaetic acid.

FIAS - Flow Impedance Analysis System.
ICP = inductively-coupled plasma.

N/A = not applicable.
PCB = polychlorinated biphenyl.

0



Table E-2. 241-C-106 Inventory Projections for Varying Volumes for Nonradionuclides. (3 sheets)

Total Total Total Total Total Total Total Total Total
tank tank tank tank tank tank tank tank tank

CAS Constituent inventory Inventory inventory Inventory Inventory Inventory Inventory Inventory inventory
(CI) (CO (Ci) (CI) (C) (Ci) (C) (Cl) (Ci)

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.flt. 150 cu.ft. 100 cu.ft.

N/A Actinium-228 by GEA 1.08E+02 9.76E+01 8.67E+01 7.782+01 6.50E+01 5.421+01 4.34E+01 3.25E+01 2.17E+01

Am-241 by TRU-SPEC Resin
N/A lonEx 9.10E+01 8.19E+01 7.28E+01 6.531+01 5.46E+01 4.55E+01 3.64E+01 2.73E+01 1.822+01

N/A Antimony-125 by GEA 8.83E+01 7.952+01 7.07E+01 6.341+01 5.303+01 4.422+01 3.532+01 2.65E+01 1.772+01

N/A C-14 Small Volume 1.15E-02 1.032-02 9.18E-03 8.24E-03 6.892-03 5.742-03 4.591-03 3.442-03 2.302-03

N/A Ce/Pr-144byGEA 3.84E+02 3.46E+02 3.072+02 2.76E+02 2.31E+02 1.922+02 1.54E+02 1.15E+02 7.692+01

N/A Cesium-134byGEA 2.42E+01 2.19E+01 1.94E+01 1.74E+01 1.45E+01 1.21E+01 9.69E+00 7.27E+00 4.85E+00

N/A Cesium-137byGEA 2.022+03 1.81E+03 1.61E+03 1.452+03 1.21E+03 1.01E+03 8.062+02 6.052+02 4.032+02

N/A Curium-243/244 1.05E+01 9.472+00 8.42E+00 7.552+00 6.31E+00 5.262+00 4.21E+00 3.162+00 2.102+00

N/A Cobalt-60 by GEA 2.512+01 2.26E+01 2.012+01 1.802+01 1.51E+01 1.26E+01 1.OIE+01 7.542+00 5.03E+00

N/A Europium-152 byGEA 8.742+01 7.872+01 6.992+01 6.272+01 5.242+01 4.37E+01 3.502+01 2.622+01 1.752+01

N/A Europiunm-154byGEA 1.13E+02 1.02E+02 9.062+01 8.13E+01 6.79E+01 5.662+01 4.532+01 3.402+01 2.26E+01

N/A Europium-155 by GEA 1.09E+02 9.772+01 8.69E+01 7.80E+01 6.52E+01 5.43E+01 4.34E+01 3.262+01 2.172+01

Iodine-129 Waste Tank
N/A Samples 8.802-04 7.922-04 7.04E-04 6.322-04 5.28E-04 4.402-04 3.522-04 2.642-04 1.76E-04

N/A Neptunium-237 by ICP/MS 7.40E-02 6.662-02 5.922-02 5.31E-02 4.442-02 3.70E-02 2.96E-02 2.222-02 1.482-02

N/A Nickel63 1.022+02 9.142+01 8.132+01 7.30E+01 6.10E+01 5.082+01 4.06E+01 3.052+01 2.032+01

N/A Niobium-94byGEA 2.622+01 2.352+01 2.091+01 1.882+01 1.57E+01 1.312+01 1.052+01 7.85E+00 5.232+00

Pu-238 by TRU-SPEC Resin
N/A lonEx 3.77E+00 3.392+00 3.022+00 2.71E+00 2.26E+00 1.88E+00 1.51E+00 1.132+00 7.542-01

Pu-239/240 by TRU-SPEC
N/A Resin 2.84E+01 2.55E+01 2.27E+01 2.042+01 1.70E+01 1.42E+01 i.13E+01 8.51E+00 5.67E+00

N/A Radium-226byGEA 5.802+02 5.22E+02 4.642+02 4.172+02 3.48E+02 2.90E+02 2.322+02 1.74E+02 1.162+02

N/A Ru/Rh.106byGEA 4.702+02 4.23E+02 3.76E+02 3.372+02 2.82E+02 2.352+02 1.88E+02 1.41E+02 9.40E+01

N/A Selenium-79byLiquidScint. 1.342-02 1.20E-02 1.072-02 9.59E-03 8.02E-03 6.682-03 5.342-03 4.01E-03 2.67E-03
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Table E-2. 241-C-106 Inventory Projections for Varying Volumes for Nonradionuclides. (3 sheets)

Total Total Total Total Total Total Total Total Total
tank tank tank tank tank tank tank tank tank

CAS Constituent inventory inventory Inventory inventory inventory inventory inventory Inventory inventory
(CI) (CI) (Ci) (CI) (Cl) (Ci) (CI) (CI) (CO

500 cu.ft. 450 cu.ft. 400 cu.ft. 359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cu.fLt. 100 cu.flt.

N/A Strontium-89/90 High Level 9.21E+04 8.29E+04 7.36E+04 6.61E+04 5.52E+04 4.60E+04 3.68E+04 2.76E+04 1.84E+04

Tc 99 by ICP/MS Acid
N/A Addition 2.30E-01 2.07E-01 1.84E-01 1.652-01 1.38E-01 1.151-01 9.192-02 6.89E-02 4.60E-02

N/A Thorium-230 by ICP/MS 1.23E-03 1.11E-03 9.83E-04 8.82E-04 7.37E-04 6.14E-04 4.91E-04 3.69E-04 2.461-04

N/A Thorium-232 by ICP/MS 7.81E-04 7.03E-04 6.25E-04 5.61E-04 4.69E-04 3.91E-04 3.132-04 2.342-04 1.56E-04

N/A TritiumlByLachat 1.42E-02 1.28E-02 1.14E-02 1.02E-02 8.53E-03 7.11E-03 5.69E-03 4.271-03 2.841-03

Uranium-233 by ICP/MS Acid
N/A Add 2.55E-03 2.291-03 2.04E-03 1.83E-03 1.53E-03 1.27E-03 1.022-03 7.651-04 5.10E-04

Uranium-234 by ICP/MS Acid
N/A Add 1.32E-03 1.19E-03 1.06E-03 9.48E-04 7.92E-04 6.60E-04 5.28E-04 3.96E-04 2.641-04

Uranium-235 by ICP/MS Acid
N/A Add 5.39E-05 4.85E-05 4.31E-05 3.87E-05 3.23E-05 2.70E-05 2.16E-05 1.622-05 1.08E-05

Uranium-236 by ICP/MS Acid
N/A Add 2.41E-05 2.172-05 1.93E-05 1.732-05 1.45E-05 1.20E-05 9.642-06 7.232-06 4.82E-06

Uranium-238 by ICP/MS Acid
N/A Add 1.26E-03 1.132-03 1.01E-03 9.04E-04 7.56E-04 6.30E-04 5.04E-04 3.78E-04 2.52E-04

N/A Pu-241 5.532+01 4.982+01 4.42E+01 3.97E+01 3.32E+01 2.77E+01 2.21E+01 1.66E+01 1.13E+01

N/A Pu-239 . 2.34E+01 2.10E+01 1.872+01 1.682+01 1.40E+01 1.17E+01 9.352+00 7.01E+00 4.672+00

N/A Pu-240 4.99E+00 4.49E+00 3.99E+00 3.58E+00 2.991+00 2.49E+00 1.992+00 1.502+00 9.972-01

N/A Cm-242 2.202-01 1.982-01 1.762-01 1.582-01 1.32E-01 1.101-01 8.782-02 6.59E-02 4.39E-02

N/A Cmn-243 4.21E-01 3.79E-01 3.372-01 3.022-01 2.52E-01 2.102-01 1.68E-01 1.26E-01 8.422-02

N/A Cm-244 1.01E+01 9.09E+00 8.08E+00 7.25E+00 6.06E+00 5.05E+00 4.04E+00 3.03E+00 2.02E+00

N/A Thorium-228 8.01E-04 7.21E-04 6.41E-04 5.752-04 4.80E-04 4.00E-04 3.20E-04 2.401-04 1.60E-04
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Table E-2. 241-C-106 Inventory Projections for Varying Volumes for Nonradionuclides. (3 sheets)
Total Total Total Total Total Total Total Total Total
tank tank tank tank tank tank tank tank tank

CAS Constituent Invenfory Inventory inventory Inventory Inventory inventory Inventory Inventory inventory
(CI) (CI) (Ci) (CI) (C) (CO (C) (Ci) (CI)

500 cult. 450 cu.ft. 400 cu.ft. 359 cu.ft. 300 cu.ft. 250 cu.ft. 200 cu.ft. 150 cuft. 100 cu.ft.

Notes:
GEA = Gamma energy analysis.

ICP/MS = Inductively coupled plasma mass spectrometer.
N/A = not applicable.
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APPENDIX F

PAIR COMPARISON ALTERNATIVE ANALYSIS
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I mms Evaluation SUMMARY EVALUATION ISe 100
I-I B2~ ;111~ E F \DESCRIPTION VALUE Score
A b3 c5 at 93 71- \A_ Cost 2 5

c d1 e3 111 0 Schedule 3 7
C c3 C5 C Risk to Workers 23 53
e3 it B Ease of implrenation and Confidence In Technical Success 1 2

1 93 E Risk to Human Health and Environment 12 28
?MPORTANCE I lmoactsto Mission:Resources.DST S aeeooonunftvCosts.etc. 2 5
5 .sb7ftcim" tho
3 =Mmmiatedy*
I aLinnly M,61

I 43 100

DEFINITIONS

A. Cost of the Altenaive ndudes at Ife-cycle facets of te alternaive. A hkier vale on the subseqent ratig maix means tfe total cost for tstaling. operath, and demotlzflon of in
particuar tediology is less tan other techdoges that are beng considered. A higher value on to subseqent rating matix means the cost for the particuar tednologyis lower than the
other alternaves being compared and tat the total estimated cost contains a hger level of miffdence for compleing within tie Indcated estimate to complete.

B. Sdedule for each altemative lidudes an life-cye facets of the attemalve. A hitw value on VIe subsequent rating mabix means the total dration for Instating, operaing, and
demobiizatn of te particuar ednlogy is shorter than other technologies that am being considered and hat the schedue contains a Nter level of confidence for achieving te Sdedd and
date.

0. Risk to workers hiludes ALARA consideraions for both In&utial (sTructral, denical, electrical, etc.) and Radolocal Safety and Health. A Nglw value on tie subsequent raing matix
means lower risk to VtP worker for implementing that paricular tednrology.

D. Ease of implementaton relers to the level of dIlldiy that each atternatve may indde when Instafing, operating and demobibng equipn Instuinents, etc. It also nkdes the level of
project end technical risk assodated wit Irtplementafton. A N"l value on the sutsequent raing matrix means comparaively less dofiwty for knplementkig and less risk for that parlediar
altenatve.
E. The Risks to ie p-tIc or non-ocupatonal personnel. Usually for near-tarm or lonrg-lim releases to t air or sumroxdg soils mnat account for ft potental risk tolhe noirontment. A
fier value on the stsequent raing nafti means comparaively lower risk to the ptlic for that paricuar atternative.

F. Impacts of each attemailve tat could dvert or delay other acltevs or programs that would otnenise be completed. A Nier value on te subsequent ra"ng matix means omparatvely
lower impacts for that parftlar altemaive.

Note: The analysis was supported by subject matter experts from the DOE Office of River Protection and CH2M HILL
Hanford Group, Inc. and included representatives of retrieval engineering, strategic planning, process engineering, tank
closure, and regulatory compliance. The analysis was based on available knowledge and engineering judgment relevant
to SST C-106.
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Table F-2. Criteria Blank. (2 sheets)
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It Criteria Weight . 5 7 53 2 28 5

A Raw Water Modified Sluicing 5 S1,925,950 Retrieval System Cost 4 12 months start to finish 7 Since tis equipment is already 6 Because the results of earlier 7 Continuing to add large I DST Storage Impact of 640
(Current Equipment) (reconnecting and operating) duration (2 to 3 months of installed, the increase in modified sluicing campaigns volumes of water to achieve 1,870,000 gallons. Resumption

Evaporator Costs Increase by operating time) potential risk to the work force indicate that the limits of further reduction in residual of modified sluicing in C-106
S3,740,000 1) The greater amount of is small. technology have been waste volume increases the will divert people and SS
Total Storage and Retrieval evaporator use and transfers to As duration increases, achieved, there is a low probability of a leak occurring resources from other planned
Life-Cycle Costs of $5,665,950 DSTs may increase indicated potential for exposure or injury probability of technical either during the modified retrievals, e.g., C-200,
(does not include demobilization duration. increases. success in continuing to use sluicing operation or a C-103/C-105. Also uses
and disposal of equipment) 2) If the operation of this modified sluicing, subsequent transfer of waste to evaporator capacity.

alternative occurs during the the DST receiver.
MPS outage, then the duration Approximately 1496 gallons of
may be impacted. residual would remain.

B New Modified Sluicing with New 5 $5,668,735 Retrieval System Cost 5 12 months start to finish 5 This option would add 6 There is extensive experience 7 Adding limited quantities of 6 DST Storage Impact of 90,000 563
Slurry Pump Evaporator Costs Increase by duration. With limited DST potential risk for the workers, in installing new nozzles and recycled supernatant as the gallons. Additional modified

$180,000 impacts, schedule confidence since two new risers would pumps. There is limited sluicing medium to achieve sluicing of C-106 will divert
Total Storage and Retrieval is good. Ilowever installations need to be installed, the experience and some further reduction in residual people and S$ resources from
Life-Cycle Costs of $5,848,735 of new risers have not been current equipment removed, difficulties with new riser waste volume increases the other planned retrievals,

done recently. and the new equipment (pump, installation. probability of a leak occurring particularly those scheduled in
nozzles) installed either during the modified C-Farm beyond C-200 and

sluicing operation or the C-103/C.105. Also uses
transfers of waste between the evaporator capacity.
DST receiver tank and C-106.
Approximately 1496 gallons of
residual would remain.

C New Modified Sluicing Followed 2 S10,171,593 Retrieval System 2 16 months start to finish 3 This option would add 4 Limited experience and some 8 Adding limited quantities of 4 DST Storage Impact of 435
by New Vacuum Retrieval Cost duration (additional time for potential risk for the workers, difficulty for installation of water to move the waste to the 225,000 gallons. Additional
System Evaporator Costs Increase by installing and operating the since two new risers would new risers. Higher mechanical vacuum intake results in a modified sluicing/vacuum

S450,000 vacuum system and two new need to be installed to support complexity of the system. small potential impact from a retrieval of C-106 will divert
Total Storage and Retrieval risers, plus the time for the installation and operation Operational experience will be leak occurring during the people and SS resources from
Life-Cycle Costs of S10,621,593 sluicing) of the vacuum system. gained from the C-200 series retrieval operation or during a other planned retrievals,

tank retrievals. transfer of waste to the DST particularly those scheduled in
receiver. Approximately 1496 C-Farm beyond C-200, e.g.,
gallons of residual would C-103/C-105. Also uses
remain. evaporator capacity.
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o -- t A. Cost

W Cost Comments: A higher value means
the cost for the particular technology is
lower than the other alternatives and that

- 9' the total estimated cost contains a higher
level of confidence for completing within
the indicated EAC.

o - - B. Schedule

Vt Schedule Comments: A higher value
means the total duration for installing,
operating, and demobilization of the
particular technology is shorter than other

; -. technologies and that the schedule contains
A 3- a higher level of confidence for achieving
aP the scheduled end-date.

o - 3 C. Risk to Workers

2 S. 5,2

S0 3 Risk to Workers Comments:
S-o A higher value means lower risk to the

2 worker for implementing that particular
a ~ 5 -0H technology.

D. Ease of Implementation and
Confidence in Technical Success

Ease of Implementation and
* -- Confidence in Technical Success
- Comments: A higher value means

comparatively less difficulty for
2 -implementing and less risk for that

Sparticular alternative to actually do what it
is designed to do.

E. Risk to Human Health and
Environment

o- a Risk to Human Health and
2- g Environment Comments: A higher

0 value means comparatively lower risk to
- - M M the public and non-occupational personnel

S- V for that particular alternative.

g0 , ov :JT- 3

o F. Impacts to Mission; Resources,
DST Space, Opportunity Costs, etc.

-' Impacts to Mission Comments: A higher
3 60 .- value means comparatively lower impacts0 -A to other activities or programs that would

>2 otherwise b compltedTL
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APPENDIX G

MODIFIED SLUICING RETRIEVAL EFFICIENCY EVALUATION
FOR TANK 241-C-106
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;Page: 2 of 9
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0 Modified Sluicing Retrieval Efficioncy Evaluation for Tank 241-

C-106

Project No : PrToct Tkle
CHG 14434 241-C-106 Stage I Retrieval
Orbinraedby' Keith Shields Checked by Rob Wison

Dr.e: ..... LtAL. .| nDat
Yoe, i (-eCx,

INTRODUCTION

This calculation was developed to analyze the behavior of tank waste removal efficiency from modified
skiicing with add dissolution (oxalc ack!) campaigns performed on single-shell tank 241-C-106 from
August 2003 through December 2003. Ths calculation develops a mathematIcal estimation to describe
the sluicing efficiency behavior.

2.0 CALCULATION ASSUMPTIONS/UMITATIONS

2.1 Assumptions
Tank wastes are assuned to be hornogeneous and will continue to exhibi simiar
physicalchernical behavior (Le. no sudden changes In solublity).

2.2 Lmtations
Actual tark waste is very heterogeneous. The behavior of the tank waste during sluicing
operations can vary signtrcantly based on what form (physical. chemical) the waste Is hI at
varying locations.

3.0 METHODOLOGY

3.1 Input Data

The Initial data for this assessment is taken from RPP-201 10, Table 3. This tabla provides
sumrnary data of the amount of tank waste retrieved during four modified slicing operations on
lank 241-C-106. The data Is shown In the following table.

- ___ Tabl 3, RPP-20110, Rev 1
Volume
of Waler Volume Waste

Sluice Added Transferred Retrieved' Approx.
Operation We'l (081)gf El?. (%)

1 58,15 61.033 4.873 8
2 40,412 48.079 1.607 3.3
3 59.226 60,085 B57 14
4 83.501 83718 217 03

1-Win R ate-t in TabwllIum. kt*n M s

2 -'0cro. Etab wf sri: wear.rPe armiS:gd.
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Page: 3 of 9
Calculation Sheet Date: 5/1200D4

Calc.imlan No.: Rv:Tt
CEES-04-037-P-401 4 oiidSuiclng Retrieval Efficiency Evaluation for Tank 241-

3.2 Fit Methodology

The values from Section 3.1 were plotted using Microsoft Excel'M. The trendline capability of the
program was used to estimate a functon describing the changing behavior of the retrieval
efficiency. Linear, power function, exponential and logmithmic ine fits were evaluated.

4.0 CALCULATION

See attached excel spreadsheets and graphs.

5.0 RESULTS AND CONCLUSIONS

5.1 Unear Estimation Results

The graph and the results of the Excel calculation can be seen on worksheet 5. I-Unear
Evaluation. Using this method, the efficiency is expected to reach zero before the fourth
campaign. The observed data shows that this Is a substantial under-estimation of the actual
results. Th estimation method Is not useful for predicting future behavior.

5.2 Logarithmic Estimation Results

The graph and the results of the Excel calcuation can be seen on worksheet .2-Loganthmmk
Evaluaton. Using this method, the efficiency is expected to reach zero at approximately the fourth
campaign. The observed data shows that ths is a substantial under-estimation of the actual
resuts. Ths estimation method Is also not useful for predicting future behavior.

5.3 Power Function Estimation Results

The graph and the results of the Excel cakuation can be seen on worksheet 5,3-Pvoer Function
Evaluation. Using this method, the efficiency is slightly over-estimated for the fourth campaign but
continues to decine. The estimated function displays asymptotic behavior approaching zero. The
function has adequate 'I(R' (R= 0.89) to the observed data.

5.4 Exponential Estimation Results

The graph and the results of tfe Excel calclation can be seen on worksheet a.4-Exponential
Evaluation. Using this method, the efficiency Is most closely (very slightly over-estimated) for the
fourth campaign but continues to decline. As with the power function the estimated values display
asymptotic behavior approacNng zero. Ths function shows much better 'fit' (W - 0.98) than the
power function.

5.5 Conclusions

The exponential estimation method provides the best method for mathematically describxng the
changing behavior of the retrieval efficiency. This method also provided the best it' (re a 0.98) to
the observed data wth the function:

efTicercy - 26.533e'" - " SLAV 00f."*0
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Cle d: CsESt4c037nW. E -
Rebwvnw rxftnc Ea Kow Evahwhton C-1 W

kbput Data

Table 3. RPP-201 10, Rev I
VWwwmwol Voluro Waste

Sluice Water Added Transferred Retrievedl Approx. Eff.
Operation (gal) (gal) (gan (%)

1 bb,1bu b1DJJ 4.873 8
2 46,472 48.07D 1.007 3.3
3 59,228 60.085 a5? 1.4
4 83,501 83.718 217 03

I -'wSS 109t.? i.&'W t Vudtno ttet-w-in Ieb4 3.
2 - 'A* ex EU I s I*e ft4enA& .4.n p. xI se,L,

3.14Wd Dta
CLESU037.P-001. Caok Support. Retrieval Efiiency. Rev 0 rW12,2CW4
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C-106 Modified Sluicing Efficiency
Linear Evaluation

+ Appa. E. (%)

i -Urcar (Awo. Eff. t%))

Estimated Formula: y a- 2.5x +9.
R2-0.900S

--

-4

3 4 5 6 7 98
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Catc : CEES-4-C241. Pag. 7 of 0
R"IfenJ CeMncy Eeq~vo'vkIN &.&j'kn C-14

C-106 Modified Sluicing Efficiency

10 Logarithmic Evalution
+AppOX. E.M.(%)

e . _ __ __-Log. (AproX.Ell. (%))

Estlmatd Formula: ym -5.614BLn(x)+7.7108
R'= 0.9852.

2 - -
1

0 1 2 3 4 5 a 7 8 9 10
Sluicing Operation Number

5 2-t Cart hmIEvuE'otbi
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.106 Modified Sluicing Efficiency
Power Function Evaluation
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C.106 Modified Sluicing Efficiency
Exponential Evaluation

SApprxV.E. (%)

-Epm.(Aprx.E'T.(%))

Estimated Formula: y a 26.533e''"
Fa. 0.9774

5 76
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